Thousands  of  specifications  ore  filled  by  the  complete 
line  of  Allied  Relays — seven  of  which  ore  grouped  around 
the  Allied  emblem  of  engineering  leadership. 

Allied  Control  engineers  pioneered  the  design  of  relays 
from  signal  circuits  to  75  ampere  contacts,  coils  from 
12  milliwatts  to  31/2  watts  to  give  the  smallest  mounting 
area  and  accessible  wiring  facilities. 

"Type  “BOHO"  is  D.P.D.T.  relay  sealed  with  standard 
octal  plug.  Contact  rating  of  5  to  10  amperes  and  coil 
capacity  of  115  v.  D.C.  at  2.5  watts  and  220  volts;  25 
and  60  cycles  at  4.5  volt-amperes. 

•Type  "CN"  is  S.P.S.T.  double  break  relay  with  50  ampere 
contacts  and  coil  capacity  of  1 1 5  v.  D.C.  at  3.5  watts  and 
220  volts;  60  cycles  at  10.5  volt-amperes. 

•Type  "BN"  is  6  P.D.T,  relay  with  15  ampere  contacts  and 
coil  capacity  of  1 1 5  v.  D.C.  at  3.5  watts  (not  available 


in  A.C.). 

•Type  "BG"  is  S. P.D.T.  relay  with  2  ampere  contacts  and 
coil  capacity  of  25  v.  D.C.  at  50  milliwatts  (not  available 
in  A.C.) 

•Type  "BO"  is  D.P.D.T.  relay  with  15  an^pere  contacts 
and  coil  capacity  of  115  v.  D.C.  at  2.5  watts  and  220 
volts;  25  and  60  cycles  at  4.5  volt-amperes. 

•Type  "F"  is  S. P.D.T.  with  2  ampere  contacts  and  coil 
capacity  of  85  v.  D,  C.  at  1.5  watts  (not  available  in 
A.C.). 

•Type  "SK”  from  S.P.S.T.  up  to  4  P.D.T.  with  1  ampere 
contacts  and  coil  capacity  of  60  v.  D.C.  at  750  milliwatts 
(for  4  P.D.T.  relay)  not  available  in  A.C. 

Allied  Control  representatives  are  located  throughout 
the  United  States.  A  short  note  to  our  home  office  will 
give  you  the  name  of  our  nearest  representative. 


ALLIED  CONTROL  CO.,  INC. 


2  EAST  END  AVENUE,  NEW  YORK  21,  N. 


Type  BN 


Type  CN 


Type  SK 


Type  BG  ^ 


Type  BO 


Type  F 
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SWAGED-CATHODE 
DRY  ELECTROLYTICS 
SOLVE  SET  PROBLEMS 


Swag»d-Cafhod»  construction  it  often  usoful  in 
multiplo-soction  units  such  as  this  Solar  Typo 
DY  Capacitor. 


The  swaged-cathode  dry  electrolytic 
capacitor,  a  construction  similar  to  a  non- 
inductive  paper  tubular  in  its  method  of 
connection  to  the  cathode  electrode,  is  a 
useful  method  of  overcoming  many  prob¬ 
lems  which  set  designers  face  today. 

Originally  developed  by  Solar  to  help 
suppress  vibrator  hash  and  coupling  in 
high-gain  circuits  of  the  early  automobile 
receivers,  the  swaged-cathode  dry  elec¬ 
trolytic  is  even  more  helpful  today  in 
improving  performance  of  today’s  high- 
gain  miniaturized  equipment. 

Among  the  advantages  of  this  type  of  con¬ 
struction  in  multiple-section  capacitors  is 
greatly  reduced  coupling  between  sections 
and  exceptionally  low  r-f  impedance  for  all 
sections  when  compared  either  to  standard 
designs  or  to  special  constructions  with 
special  tab  placements.  Swaged-cathode 
capacitors  also  have  greater  stability  of 
electrical  characteristics  throughout  their 
life.  By  their  use,  paper  bypass  capacitors 
may  sometimes  be  eliminated  where  they 
would  be  necessary  when  standard  capacitor 
constructions  are  used. 

For  example,  a  typical  swaged-cathode 
Solar  Type  DY  "Twist-Prong”  electrolytic 
with  a  10  mf  450  wvdc  input  section  has 
one-tenth  the  common  coupling  between 
sections  of  a  standard  design  and  has  ap- 
proximately  one-hfth  the  input  r-f  impe¬ 
dance  over  the  a-m  broadcast  band.  Even 
greater  reductions  will  be  found  with  other 
ratings  where  the  anode  lengths  are  greater. 
Swaged-cathode  construction  may  be  speci¬ 
fied  for  all  Solar  dry  electrolytic  capacitors. 

For  further  information  read  the  January- 
February,  1948  issue  of  THE  SOLAR 
SYSTEM  published  by  Solar  Manufactur¬ 
ing  Corporation,  1445  Hudson  Blvd.,  North 
Bergen,  N.  J.  Copies  available  upon  request. 


BUSINESS  BRIEFS 

By  W.  W.  MacDONALD 


Business  Briefs  has  been  ap¬ 
pearing  in  Electronics  just  one 
year.  We  dreamed  up  the  title  at 
considerable  pain  and,  so  help  us, 
thought  it  was  original.  But  so 
little  is. 

Dave  Ritchie  of  Houston,  Texas, 
has  been  using  the  name  since  1936 
in  connection  with  a  monthly  house 
organ  containing  condensations  of 
marketing,  selling  and  other  news 
for  clients,  friends,  and  prospects 
of  his  advertising  agency.  He  has 
recently  started  to  syndicate  it  for 
use  as  a  house  organ  by  others. 

Says  Dave:  “Confidentially,  I 
think  we  are  both  to  be  congratu¬ 
lated  on  our  choice  of  the  words.” 
Which  seems  fair  enough  to  us. 

Broadcast  Station  Revenue  in¬ 
creased  approximately  8  percent 
in  1946  over  1945,  according  to  an 
FCC  report  just  released.  Eight 
a-m  networks  and  1,025  a-m  sta¬ 
tions  reported  a  $322,552,771  take. 
Expenses  were  up  14  percent  to 
$246,086,525  however,  so  that  in¬ 
come  before  Federal  tax  was  $76,- 
466,246,  a  decline  of  8.5  percent. 

The  increase  in  industry  revenue 
was  due  largely  to  non-network 
time  sales,  up  13  percent  over  1945. 
Networks  showed  less  than  1  per¬ 
cent  increase.  About  one-third 
of  the  revenue  and  one-fourth  of 
the  income  in  the  business  accrued 
to  the  networks  and  their  owned- 
and-operated  stations. 

Citizens  Radio  Service  walkie- 
talkie  developed  by  a  mid-western 
manufacturer  and  awaiting  FCC 
class-B  type  approval  is  attract¬ 
ing  consumer  inquiries  by  the 
gross,  despite  the  fact  that  news 
concerning  it  has  so  far  travelled 
around  the  country  exclusively  by 
word-of-mouth.  One  mail-order 
house  alone  is  said  to  have  placed 
an  order  for  600  units  at  about 
$175  per  pair. 

New  Electronic  Tools,  rather 
than  further  refinements  of  exist¬ 
ing  ones,  are  what  industry  needs, 
according  to  GE’s  Bill  White,  upon 
whom  we  called  in  Schenectady  dur¬ 


ing  the  month.  He  showed  us  one 
example,  a  microwave  transmitter- 
receiver  reminiscent  of  early  radar 
gear  that  makes  a  fascinating  burg¬ 
lar  alarm,  and  told  us  about  another 
that  duplicates  one  of  man’s  senses 
but  about  which  we  can  say  no  more 
at  this  writing. 

Labor  Costs  are  69  percent 
higher  today  in  radio  receiver 
manufacturing  plants  than  they 
were  in  1939,  according  to  RMA’s 
Bond  Geddes.  Average  hourly  rate 
of  pay  was  58.1  cents  in  1939,  68 
cents  in  1941,  and  is  now  $1.15. 

Speaking  Of  Cost,  manufactur¬ 
ers  of  super-high-quality  compo¬ 
nents  are  crying,  now  that  military 
orders  have  declined.  The  price 
war  is  on  again,  particularly  in  the 
radio  business. 

The  parts  boys  are  faced  with 
the  alternatives  of  cutting  corners 
and  going  after  volume  or  sticking 
to  their  guns  and  being  satisfied 
with  smaller,  more  highly  special¬ 
ized  businesses.  The  decision  is 
often  a  tough  one,  because  many 
of  those  inclined  toward  the  lat¬ 
ter  course  have  big  war-developed 
plants. 

Receiving  Tube  Sales  by  RMA 
member  companies  totalled  145,- 
540,732  in  the  first  nine  months  of 
1947.  Of  this  total  93,997,110  went 
into  new  equipment,  32,734,888 
were  sold  for  replacement  use,  18,- 
212,126  were  exported,  and  596,608 
were  purchased  by  government 
agencies. 

To  Gordon  Volkenant  of  Minne- 
apolis-Honeywell,  whose  recent 
speech  and  demonstration  before 
the  Sales  Executives  Club  of  New 
York  proves  that  an  engineer  can 
sell  electronics  to  executives  if  he 
talks  their  language,  we  are  in¬ 
debted  for  a  neat  phrase :  “unneces¬ 
sary  device  for  an  unimportant 
function.” 

Never  have  we  heard  one  that 
more  aptly  describes  many  of  the 
projects  undertaken  in  this  some¬ 
times-too-fascinating  field  at  the  ex- 
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Here's  an  Eimac  4-65A  that  has  been 
subject  to  a  prolonged  1280%  over¬ 
load  .  .  .  look  at  it  .  .  a  65-watt  tube 
that  dissipated  900  watts  before  phys¬ 
ical  evidence  of  overload,  and  still  no 
mechanical  failure  .  .  ,  in  normal  serv¬ 
ice  it's  still  going  stroi^g. 


1280%  OVERLOAD 


PYROYAC.  .  .  A  NEW  EIMAC  PLATE  MATERIAL 


The  story's  out  .  .  .  Pyrovac,  a  new  Eimac  plate  ma¬ 
terial,  the  culmination  of  ten  years  research  and 
millions  of  hours  of  life  test  data,  is  now  in  standard 
production — at  no  extra  cost. 

Pyrovac  is  truly  as  important  a  milestone  of  vac¬ 
uum  tube  development  as  the  thoriated  tungsten 
filament.  Pyrovac  plates,  like  the  thoriated  tung¬ 
sten  filament,  open  a  new  vista  for  vacuum  tube  life 
performance. 

This  new  material  combines  the  advantages  of  tan¬ 
talum  to  overloads,  molybdenum's  strength,  weight 
and  conductivity,  and  carbon's  ability  to  dissipate 
heat .  .  .  with  none  of  the  disadvantages  of  these  ma¬ 
terials.  Tubes  with  Pyrovac  plates  are  mechanically 
rugged,  require  no  additional  getters  and  they  do 
not  gas  even  under  extreme  overloads. 

The  life  span  of  tubes  with  Pyrovac  plates  far  ex¬ 
ceeds  that  of  tubes  incorporating  plates  of  conven¬ 
tional  materials.  For  example,  under  conditions 
where  a  tube  gave  3000  hours  of  service  the  same 
tube  type  with  a  Pyrovac  plate  gave  1  5,000  hours  of 
life,  a  400  percent  increase! 

Pyrovac  plates  are  capable  of  handling  overloads  in 
excess  of  1000%.  For  instance,  the  4-65 A  plate 
pictured  above  was  radiating  900  watts  of  heat,  a 
1280  %  overload  .  .  .  without  indication  that  the 
eventual  life  of  the  tube  or  its  characteristics  were 
affected.  We  don't  suggest  you  dissipate  900  watts 
of  heat  in  your  Eimac  4-65 A's  (you  could  probably 
do  it),  but  this  example  establishes  proof  that 
Pyrovac  is  a  superior  plate  material  destined  to  be¬ 
come  the  anode  standard  of  the  vacuum  tube  in¬ 
dustry. 


Pyrovac  plates  were  first  incorporated  in  the  Eimac 
4-250A  in  the  early  part  of  1946  and  followed  in 
the  4-125A  As  a  result  there  has  been  universal 
acceptance  of  these  tubes  in  all  fields  of  electronic 
endeavor.  .  .  .  Further  proof  of  the  superiority  of 
this  new  plate  material.  In  the  ensuing  period  of 


Type  4-I25A  C 


Type  4-250A 


time  all  Eimac  internal  anode  type  tubes  have  been 
converted  to  Pyrovac  plates  as  rapidly  as  production 
facilities  would  allow. 

For  your  assurance  to  obtain  the  most  in  perform¬ 
ance  and  satisfaction  for  your  vacuum-tube-dollar, 
insist  on  Eimac  tubes  .  .  the  criterion  of  good  de¬ 
sign  in  any  electronic  equipment. 

EITEL-McCULLOUGH,  INC. 

190  San  Mateo  Ave. 

San  Bruno,  California 

Fol/ow  the  Leorfers  to 


The  fowmr  for  t'F 


The  Turner  33D  Dynamic  microphone  is  designed  with 
an  exceptionally  smooth  wide-range  response  and  high 
effective  output.  It  is  ideal  for  both  voice  and  music  pick¬ 
ups  where  quality  of  reproduction  is  desired.  Engineered 
with  Alnico  magnets  and  Turner  precision  diaphragm 
for  maximum  sensitivity.  The  entire  circuit  is  well  shielded 
to  prevent  extraneous  pickup.  Modern  streamline  design 
and  rich  satin  chrome  finish  matches  the  quality  of  its 
performance.  Recommended  for  recording,  public  address 
and  call  system,  and  amateur  work.  Also  available  as 
Model  33X  with  high  quality  crystal  circuit. 


SPECinCATIONS 


Level  .  .  .  54<ib  below  1  volt/dyne/ sq.  cm.  at  high  impedance. 

Besponse . Flat  within  ±  5db  irom  30  to  9000  c  p.s. 

Impedance .  50,  200,  500  ohms,  or  high  impedance. 

Directivity  .  Semi-directional.  Non-directional  when  tilted  full  90*. 

Cable . 20  ft.  shielded,  removable  cable  set. 

Coupler . Standard  — 27  thread. 

• 


WRITE  FOR  COMPLETE  TURNER  CATALOG 


THE  TURHER  COMPANY 

905  IVtli  Street  N.  E.  Cedar  Rapids,  Iowa 


•USINESS  BRIEFS  (continued) 

pense  of  more  deserving  engineer¬ 
ing  jobs. 

Printed  Circuits  Symposium 
note  published  in  this  column  in 
December  (p  74)  pulled  many  let¬ 
ters  asking  for  more  information. 
To  others  interested  in  the  subject 
we’re  recommending  the  National 
Bureau  of  Standards  circular 
"Printed  Circuit  Techniques”,  by 
Brunetti  and  Curtis,  available 
through  the  Government  Printing 
Office,  and  the  Proceedings  of  the 
Symposium  itself,  soon  to  be  made 
available  through  the  same  source. 

Brunetti  advises  that  another 
symposium  to  be  staged  in  Wash¬ 
ington  in  the  spring  will  cover 
miniature  power  supplies,  with  the 
principal  emphasis  o»  batteries. 

Taxi  Radio  Interference  is  be¬ 
coming  a  serious  problem  in  sev¬ 
eral  cities,  where  signals  from  sim¬ 
ilar  services  in  nearby  towns  are 
regularly  heard.  Some  sort  of  co¬ 
operative  sharing  of  channels  seems 
indicated,  particularly  since  such  a 
plan  would  also  enable  other  cab 
operators,  at  present  out  in  the 
cold  with  respect  to  radio,  to  par¬ 
ticipate. 

Selective  Calling  Systems  are 
in  for  a  face-lifting  that  should 
make  them  more  acceptable  to  peo¬ 
ple  who  have  held  out  for  some¬ 
thing  that  works  faster. 

At  least  two  companies  are  near 
ready  with  dial-less  equipment 
utilizing  tones,  or  tones  and  pulses, 
to  simplify  and  speed  up  operation, 
and  phone  companies  interested  in 
common-carrier  radio  service  are 
working  on  the  idea  too.  Details 
in  our  feature  pages  in  a  month  or 
two. 

Mobile  Radio  Applications  are 
growing  at  such  a  rate  it  is  sur¬ 
prising  that  we  haven’t  already 
heard  about  smart  boys  setting  up 
wayside  repair  stations. 

It  will  come. 


FOR  ACCURACY,  RELIABILITY,  AND  SOUND  PERFORMANCE 
TURN  TO 'MICROPHONES  BY  TURNER 


Microphones  licensed  under  U.  S.  patents  ot  the  American  Telephone 
and  Telegraph  Company,  and  Western  tiectric  Company,  Incorporated. 
Crystals  licensed  under  patents  ot  the  Brush  Development  Company. 


Out-Of-Town  Papers  were  in¬ 
vited  to  copy  an  item  we  saw  in  a 
newspaper  the  other  day,  and  we 
ourselves  rush  to  take  advange  of 
this  kind  offer.  The  item  read  as 
follows:  "Ten  noisiest  cities  in  the 
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United  States  are  Reno,  Philadel¬ 
phia,  Boston,  Las  Vegas,  Chicago, 
Washington,  San  Francisco,  Dallas, 
Detroit  and  St.  Louis,  according  to 
Duotone  sound  engineers. 

One  of  Our  Readers  described 
a  camera  shutter-speed  calibrator 
in  Electronics  back  in  May  1944 
(p  164).  Now  he  has  his  patents 
and  says  he  would  like  to  sell  them 
outright  or  license  some  manufac¬ 
turer  on  a  royalty  basis. 

The  device  would  be  at  its  best 
in  retail  repair  shops.  Address  on 
request  to  “Business  Briefs.” 

Exports  of  all  types  of  radio 
equipment  totalled  $33,000,000  in 
the  second  quarter  of  1947,  accord¬ 
ing  to  the  U.  S.  Department  of 
Commerce.  First-quarter  exports 
were  valued  at  $28,600,000. 

Tele  Receiver  Sales  in  the  metro¬ 
politan  New  York  area  will  run 
about  63  percent  table-top  types 
and  37  percent  consoles  in  1948, 
according  to  a  DuMont  survey 
among  64  dealers.  Some  57  per¬ 
cent  of  the  sets  will  probably  have 
television  alone,  21  percent  should 
include  a-m  and  f-m  radio,  and  the 
remaining  22  percent  will  in  all 
liklihood  contain  a  record  player 
as  well. 

Men  are  obviously  dominating 
most  purchases. 

IRE  Winter  Meeting  registra¬ 
tion  last  March  at  New  York  to¬ 
talled  11,895  (we  estimated  12,000 
on  p  80,  July  1947),  with  the  fol¬ 
lowing  breakdown: 

5,706  Bon-membors 
2,687  AsBOciates 
856  Senior  members 
829  Members 
812  Bon-members* 

524  applications  pending 
351  Students 
130  Fellows 

•  Registered  as  members 

Refinancing  of  electronic  equip¬ 
ment  manufacturing  firms  appears 
to  be  at  its  peak.  We  ourselves  have 
been  instrumental  in  getting  sev¬ 
eral  buyers  and  sellers  together. 
There  is,  it  appears,  plenty  of  busi¬ 
ness  on  some  books,  but  not  much 
cash. 

Birds’  Nests  in  the  vicinity  of 
the  Owens-Corning  plant  at  New¬ 
ark,  Ohio  are  largely  fabricated  of 
Fiberglas  Wool. 
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►  ALARM  ...  In  the  course  of  testing  the  Hazeltine  in  its  favor.  A  television  system,  for  all  its  complex- 
Fremodyne  circuit  (p  83,  this  issue)  we  have  had  ity  and  need  of  careful  maintenance,  has  one  corn- 
occasion  for  some  soul  searching  concerning  present  pelling  advantage  as  a  monitor:  it  cannot  give  a 
trends  in  receiver  design.  The  alarm  is  generated  wrong  answer.  The  television  picture  either  shows 
by  the  large  values  of  signal  radiated  by  many  the  water  level  correctly  as  revealed  in  the  gauge, 
receivers,  particularly  the  inexpensive  ones.  The  or  it  shows  nothing  at  all.  If  the  television  system 
Fremodyne  (25  to  65  millivolts  radiated  by  the  local  is  backed  up  by  a  system  of  mirrors  which  will  permit 
oscillator)  is  no  worse  in  this  respect  than  many  an  alternative  method  of  monitoring  to  be  used  on 
another  f-m  receiver  or  television  receiver  which  short  notice,  the  television  systen*  interposes  no 
uses  no  r-f  stage.  So  we  are  not  singling  out  any  danger.  Other,  simpler  systems  of  monitoring  now 
particular  receiver  in  this  respect,  but  we  do  feel  available  are  not  similarly  foolproof,  So  television, 
impelled  to  question  the  value  of  all  such  receivers,  plus  a  quickly  available  backstop,  is  a  good  answer  to 
If  the  local  oscillator  frequency  of  an  f-m  receiver  a  vexing  problem. 

is  below  the  f-m  band  (as  it  is  in  some  models, 

despite  admonitions  of  their  designers),  the  local  ►PRIZE  ...  It  has  been  many  years  (not  since  the 
oscillator  radiation  falls  in  the  television  channels.  Davisson  award  in  1937)  that  a  physicist  has  been 
And  65  millivolts  fed  to  a  dipole  can  raise  hob  with  awarded  the  Nobel  Prize  for  work  in  the  radio-and- 

a  block  full  of  television  sets.  If  the  oscillator  fre-  electronic  field.  We  are  particularly  h^ppy,  therefore, 

quency  is  above  the  band  it  falls  on  airport  fre-  to  note  the  recent  award  of  this  honor  to  Sir  Edward 

quencies  which,  while  not  so  vulnerable  to  its  effects,  Appleton,  whose  discovery  of  the  ionosphere  in  1924 

are  nevertheless  involved  in  the  safety  of  human  and  subsequent  studies  in  this  field  pht  long  distance 

freight.  A  well-designed  r-f  stage  costs  money,  but  transmission  of  radio  waves  on  a  firm  quantitative 

it  goes  a  long  way  toward  curing  this  evil.  It  should  basis.  We  are  pleased  to  note  another  award  to  Sir 

be  used  on  all  sets,  even  the  cheapest  ones.  There  Edward,  not  so  generally  publicized,  the  Medal  of 

is  no  excuse  whatever,  cost  included,  for  a  local  Merit  which  hf  received  for  his  contributions  to  radar 

oscillator  on  the  low  side  of  the  f-m  band.  and  for  prom^^ting  cooperation  between  British  and 

The  poor  audio  quality  of  some  of  the  receiver  de-  American  sci(*ntists  during  the  sec(jnd  world  war. 

signs  concerns  us  also,  but  not  so  much.  A  manu-  No  one  in  Gt;eat  Britain  did  more  to  perfect  the 

facturer  takes  his  chance  in  the  market,  with  an  in-  harmonious  interplay  of  thought  and  action  between 

creasingly  critical  public,  if  his  set  has  too  much  dis-  the  two  Allied,  groups  working  on  radar,  loran  and 

tortion  or  noise  or  both.  But  when  his  set  affects  related  arts, 

adversely  the  performance  of  other  equipment,  in 

the  hands  of  the  public,  and  particularly  if  it  affects  ►  WALKIES  ...  A  spokesman  for  the  FCC  asks  us  to 
the  safety  of  airport  operation,  the  horse  has  an  enlist  the  coc|.eration  of  readers  in  the  fight  against 
entirely  different  hue.  view  this  latter  tendency  unauthorized  use  of  walkie-talkie  sets  and  other 
with  great  alarm.  If  ever  there  was  a  chance  for  surplus  traimmitters.  These  cannot  usually  be 

practical  statesmanship  in  radio  engineering,  the  licensed  for  l  ivilian  use,  but  this  fact  is  often  not 

mitigation  of  this  evil  is  it.  understood  b,-  the  purchaser  in  advance  of  his  pur¬ 

chase.  This  situation  is  so  well  known  to  those  who 

►  BOILERS,  AGAIN  .  .  .  Our  editorial  inquiry  some  work  in  the  electronics  business  that  advice  to  beware 

months  ago  concerning  the  propriety  of  television  for  such  equipmt  tit  hardly  applies  directly.  But  we  can 

monitoring,  the  water  level  in  high  pressure  boilers  help  indirectly,  by  w’arning  less-knowing  friends  that 

has  stirred  up  such  a  vigorous  defense  of  the  method  careful  inquiry  concerning  licenses  should  be  made 

that  we  are  bound,  in  all  fairness,  to  state  the  case  in  advance  of  purchase. 
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Unrivalled 

Performance 


P  R  MALLORY  a  CO  Inc 


Nickel  after  nickel 
hour  after  hour, , , 


Perhaps  the  world’s  toughest  joh  for  an  electrolytic  capacitor  is  found  in 
the  familiar  "juke  box."  Necessarily  rugged  in  itself,  the  "juke  box" 
requires  sturdy  components.  High  temperatures,  heavy  ripple  currents, 
high  voltages  and  continuous  operation  impose  a  tough  set  of  conditions. 

Mallory  FP  capacitors  are  famous  the  world  over  for  their  ability  to 
stand  up  under  severe  punishment.  That’s  why,  in  so  many  thousands  of 
"juke  boxes,"  like  the  popular  J.  P.  Seeburg  Co.  instrument  pictured, 
Mallory  FPs  are  standard  equipment.  No  other  capacitors  perform  so 
dependably — nickel  after  nickel,  hour  after  hour,  year  after  year! 


[IMLLVR  I  CAPACITORS 
(ELECTROLYTIC,  OIL  and  WAX) 


Everythinfiyou  u-ant  to  knon-ahouf  Mallory 
electrolylic  raparitor.%—  types,  sizes,  elec- 
triral  characteristics — pf'pn  data  on  test 
measurements  and  mounting  harduxire, 
U'rite  today  for  o  free  copy. 
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Reporting  an  IRE  symposium  on  the  reformulation  of  the  Hartley  Law.  New’  theory 
places  limit  on  the  extent  to  which  bandwidth  can  be  traded  for  signal-to-noise  ratio, 
shows  extent  to  which  a-m,  f-m,  ptm  and  pcm  make  use  of  communication  channel 


when  economy  in  the  use  of  the 
ether  spectrum  is  the  primary  con¬ 
sideration.  If  other  economic  fac¬ 
tors  (such  as  cost  of  equipment) 
are  present,  as  they  are  in  broad¬ 
casting,  pcm  may  lose  its  advan¬ 
tage. 

The  new  law  (which  has  not  yet 
received  a  name,  but  in  which 
Tuller,  Shannon,  Sullivan  and 
Wiener,  of  MIT,  BTL,  CalTech  and 
MIT  respectively,  have  had  a  hand) 
takes  the  following  simple  form 

C  =  W\Qgt{\  +  P/N)  (1 

Here  C  is  the  capacity  of  the  chan¬ 
nel  to  carry  information  per  unit 
time  (strictly  speaking,  the  num¬ 
ber  of  binary  digits  which  can  be 
transmitted  in  unit  time),  W  is  the 
bandwidth  of  the  communication 
channel,  and  P/N  is  the  signal-noise 
ratio  in  power  units.  The  law  states 
that  if  the  capacity  of  the  channel 
is  to  be  increased,  this  may  be  done 
by  increasing  the  bandwidth  W,  or 
equally  well  (cost  not  considered) 
by  increasing  the  signal  power  rela¬ 
tive  to  the  noise.  Alternatively,  if 
we  are  satisfied  with  a  given  capac¬ 
ity,  we  may  trade  off  bandwidth  for 
signal-noise  ratio.  We  may  reduce 
the  bandwidth  W,  if  we  are  willing 
and  able  to  increase  the  signal-noise 

ELECTRONICS  — Jonuory,  1948 


ratio  (by  adding  transmitter  power 
or  reducing  noise).  Or  we  may  in¬ 
crease  the  bandwidth,  and  thereby 
permit  a  reduction  in  transmitter 
power,  or  an  increase  in  noise,  with¬ 
out  harm  to  the  capacity  (e.g.  qual¬ 
ity  of  reproduction)  of  the  circuit. 

All  this  trading  is  possible  in  an 
ideal  system,  of  which  Eq.  1  is  de¬ 
scriptive.  Nonideal  systems  exist, 
in  which  increasing  the  bandwidth 
may  increase  the  noise,  as  in  the 
nonlimited  a-m  system.  But  if  the 
system  is  clever  enough  to  take 
full  advantage  of  the  ideal  law, 
then  bandwidth  and  signal-noise 
may  be  traded  as  indicated  in  Eq.  1. 
Pcm  is  one  such  clever  system. 

Underlying  Logic 

The  proof  of  the  law  is  not  a 
simple  matter,  since  it  involves  mul¬ 
tidimensional  spaces  not  familiar  to 
the  communication  engineer.  But 
the  thread  of  the  argument  may 
nevertheless  be  followed  from  ithe 
reasoning  presented  by  Shamjion, 
which  is  herewith  reported  as  gijVen 
at  the  IRE  meeting.  I 

Figure  1  shows  a  typical  com  inu¬ 
nication  system  in  which  the  inkial 
information,  in  the  form  of  a  tiies- 
sage,  is  transformed,  by  a  trans knit¬ 


ter  using  some  form  of  modulation, 
into  a  signal.  While  the  signal  is 
in  the  communication  channel,  noise 
is  imposed  upon  it.  Noise  is  defined 
as  a  statistical  variation  imposed 
on,  but  not  correlated  in  any  way 
with,  the  signal.  The  receiver  trans¬ 
forms  the  signal-plus-noise  back 
into  a  message  which  is  perceived  at 
the  destination. 

We  now  assign  a  bandwidth  W 
cps  to  the  communication  channel, 
and  put  the  channel  to  use  for  a 
period  of  T  seconds.  We  inquire  into 
what  sorts  of  signals  may  be  han¬ 
dled  within  this  bandwidth  and 
within  this  time.  While  it  is  im¬ 
possible  to  construct  exactly  any 
signal  function  (except  zero)  w’hich 
has  no  spectrum  components  outside 
the  bandwidth  W  and  no  temporal 
existence  outside  the  time  T,  some 
fair  approximations  may  be  so  con¬ 
structed. 

A  generalized  example  is  shown 
in  Fig.  2.  Here  we  have  a  signal 
waveform  plotted  against  time. 
Such  a  signal  (of  juration  T  sec¬ 
onds)  may  be  passed  through  the 
system  having  W  bandwidth,  if  its 
narrowest  hump  (half-wave  com¬ 
ponent)  is  no  narrower  than 
1/(2W)  seconds.  Moreover,  if  we 
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Bandwidth  vs  Noise 


The  basic  question  in  communi¬ 
cations  is  the  relative  value  of 
various  schemes  of  modulation, 
amplitude  modulation,  frequency 
modulation,  pulse-time  modulation 
and  pulse-code  modulation,  to  name 
but  a  few.  New  light  on  this  ques¬ 
tion  was  shed  at  a  symposium  of 
four  papers  presented  Nov.  12  by 
the  New  York  Section  of  the  IRE. 
At  this  meeting,  C.  E.  Shannon  of 
the  Bell  Telephone  Laboratories 
presented  an  extension  of  the  theory 
of  communication  in  the  form  of  a 
general  relation  between  the  band¬ 
width  used  by  a  system,  its  ca¬ 
pacity  to  transmit  information, 
and  the  signal-noise  ratio  pres¬ 
ent.  Using  this  relationship, 
three  other  speakers  (B.  D. 
Loughlin  of  Hazeltine,  A.  G. 
Clavier  of  Federal,  and  J.  R.  Pierce 
of  BTL)  drew  conclusions  concern¬ 
ing  the  relative  efficiency  of  a-m, 
f-m,  ptm  and  pcm  systems  as  car¬ 
riers  of  information. 

Influence  of  Noise 

The  first  statement  of  the  new 
law  to  appear  in  print  was  published 
in  an  editorial  ‘  in  ELECTRONICS 
quoting  W.  G.  Tuller.  In  essence, 
the  new  law  is  a  reformulation  of 
the  Hartley  law,*  which  says  that 
the  amount  of  information  which 
can  be  transmitted  in  a  given  time 
is  proportional  to  the  bandwidth 
occupied  by  the  communication 
channel.  The  revised  law  says  that 
the  amount  of  information  which 
can  be  transmitted  in  a  given  time 
is  also  determined  by  the  logarithm 
of  the  signal-noise  ratio  plus  one. 

The  original  Hartley  law,  as 
applied  to  television,  for  example, 
states  that  a  525-line,  30-frame 
image,  having  equal  vertical  and 
horizontal  resolution,  must  occupy 
a  channel  at  least  4.5  me  wide.  The 
new  law  states  that,  if  we  are  will¬ 
ing  to  increase  the  signal  relative 
to  the  noise,  at  whatever  cost,  the 
bandwidth  can  be  reduced  below  4.5 
me,  without  reducing  the  total 
amount  of  pictorial  information 
conveyed  in  a  given  time. 

This  relation  between  bandwidth 

72 


MESSAGE  SnaCE . »!*- . SIGNAL  SPACE  . •jx . MESSAGE  SPACE 


FIG.  1 — Esiential  elements  of  a  communication  system,  used  by  Shannon  as  a  bosis 
for  treatment  of  bandwidth-noise  problem.  The  transformation  from  message  to  signal 
is  accomplished  by  some  form  of  modulation 


NEW  WORLDS  TO  CONQUER 

Modulation  is  not  just  a  means  of 
superimposing  o  message  onto  a  read¬ 
ily  transmitted  carrier;  it  is  also  a 
means  of  protecting  the  message  from 
noise  during  transmission.  Just  how 
effectively  modulotion  accomplishes 
this  second  objective  determines  its 
utility. 

Current  basic  investigations  using 
the  powerful  mathematical-physical 
concepts  of  quantum  mechanics,  out¬ 
lined  in  this  article,  show  that  the  i 
ratio  of  received  message  power  to 
thermal  noise  power  is  related  to 
bandwidth;  the  greater  the  signal 
power,  the  narrower  the  bandwidth  re¬ 
quired  to  maintain  a  given  quality  of 
transmission. 

The  basic  communication  problem 
is  to  find  modulation  methods  that 
make  these  theoretical  improvements 
possible.  The  opportunity  is  open  to 
conquer  new  worlds  in  communications 
technology 


and  noise  is  not  a  new  subject.  Prior 
to  1935,  it  was  believed  that  the  in¬ 
formation-carrying  capacity  of  a 
circuit  was  dependent  upon  its 
bandwidth,  and  there  the  theory 
stopped.  But  in  that  year,  before  a 
technical  world  hardly  ready  to  ac¬ 
cept  the  concept,  E.  H.  Armstrong 
proved  that  the  signal-noise  ratio 
of  a  broadcasting  station  could  be 
improved  materially  by  assigning  a 
wide  band  to  it.*  His  method  was 
frequency  modulation,  whereby  a 
spectrum  150  kc  wide  was  occupied 
by  a  broadcast  station  operating 
with  a  16-kc  modulating  signal,  or 


about  5  times  as  wide  as  would  be 
required  by  a  double-sideband  am¬ 
plitude-modulation  station. 

The  effect  can  be  expressed,  in 
somewhat  idealized  form,  as  fol¬ 
lows:  if  the  bandwidth  utilized  by 
an  f-m  station  is  doubled,  other  fac¬ 
tors  remaining  unchanged,  an  im¬ 
provement  of  6  db  in  signal-noise 
ratio  can  be  ideally  achieved.  Thus 
for  each  doubling  of  the  bandwidth, 

6  db  is  added  to  the  signal-noise 
ratio. 

The  new  law  shows  that  this 
improved  performance  of  an  f-m 
system  over  an  a-m  one  is  still  far 
from  the  ideal  case.  The  ideal  sys¬ 
tem,  the  best  permissible  under  the 
new  concept,  is  one  in  which  the 
number  of  db  improvement  in  sig¬ 
nal-noise  (for  high  signal-noise 
ratios)  is  directly  proportional  to 
the  bandw’idth  employed.  In  other 
words,  the  number  of  db  improve¬ 
ment  is  multiplied  (rather  than 
added,  as  in  the  f-m  case)  when  the 
bandwidth  is  increased.  Thus  in 
the  ideal  system,  doubling  a  given 
bandwidth  may  add  a  10  db  im¬ 
provement  in  signal-noise  ratio.  If 
the  band  is  then  doubled  again,  the 
improvement  is  10  times  10,  or  100 
db,  a  vast  improvement,  relative  to 
the  additive  system  typified  by  f-m. 
It  turns  out  that  the  pulse-code 
modulation  system,*  alone  of  the 
schemes  now  known,  is  a  multipli¬ 
cative  system.  From  a  strictly 
theoretical  point  of  view,  pcm  is 
thus  the  preferable  system  to  u.se, 
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FIG.  5 — Mapping  is  the  proceei  of  tron^onnotign  from  message  space  to  signal  space. 
(A)  Single-sideband  a-m  in  two  dimensions.  (B)  Double-sidebond  o-m  from  one  to  two 
dimensions,  (C)  Filling  in  unused  space  in  double-sideband  case,  by  utilizing  a  wide¬ 
band  modulation  system 


sample  the  amplitude  at  intervals 
of  time  equal  to  1/(2W),  the  sam¬ 
ple  amplitudes,  taken  throughout 
the  duration  of  the  signal,  serve  to 
specify  the  signal  uniquely.  Since 
we  have  taken  T  as  the  duration  of 
the  signal,  it  follows  that  there  are 
T/(1/(2W))  =  2WT  sample  am¬ 
plitudes  in  the  whole  length  of  the 
signal  function. 

To  take  a  concrete  example,  if 
a  video  waveform  depicts  a  tele¬ 
vision  program  for  an  hour  (3,600 
seconds)  over  a  bandwith  of  4,000,- 
000  cps,  there  are  2  x  3,600  X  4,- 
000,000  =  28.8  billion  sample  am¬ 
plitudes  in  the  signal.  If  we  knew 
all  these  sample  amplitudes,  we 
could  reconstruct  the  program  ex¬ 
actly,  even  though  we  did  not  have 
the  actual  video  waveform  for  ref¬ 
erence.  It  thus  takes  2WT  different 
quantities  to  specify  uniquely  all  the 
different  types  of  signals  which 
might  be  sent  over  a  channel  of 
bandwidth  W  cps  during  T  seconds. 

Coordinates  of  Communication 

Whenever  such  a  large  and  gen¬ 
eral  description  of  a  quantity  is  en¬ 
countered,  it  has  proved  most  in¬ 
formative  to  adopt  geometric  meth¬ 
ods  of  thinking.  So,  (and  here  is  a 
big  step  so  far  as  engineers  are 
concerned)  each  possible  signal  ca¬ 
pable  of  transmission  through  the 
system  is  imagined  as  a  point  in 
multidimensional  space.  Since  a 
point  is  specified  in  space  by  its 
coordinates,  and  since  the  signal 
point  (for  the  complete  program) 
has  2WT  different  numbers  re¬ 
quired  to  specify  it,  it  follows  that 
the  appropriate  space  has  2WT  di¬ 
mensions.  In  the  television  case 
previously  cited,  the  space  has  28.8 
billion  dimensions. 

While  such  a  space  cannot  be 
visualized  (any  more  than  four-di¬ 
mensional  space  can  be  visualized), 
its  properties  may  be  deduced  by 
the  symbolized  logic  of  mathema¬ 
tics,  and  examples  may  be  visual¬ 
ized  by  reducing  the  problem  to  one, 
two,  or  three  dimensions.  For  ex¬ 
ample,  if  we  have  a  signal  point  in 
multidimensional  space,  it  has  the 
following  coordinates:  x^,  x*  .  . 

.  .  .  XiwT  and  its  average  energy  is 
proportional  to  the  sum  of  the 
squares  of  its  coordinates.  This 
energy  is  proportional  to  the  square 
of  the  distance  of  the  signal  point 


from  the  origin  of  the  space,  re¬ 
gardless  of  the  number  of  dimen¬ 
sions  we  consider.  So  we  have  a 
convenient  relation  between  the 
ordinates  which  describe  the  signal 
and  the  average  energy  of  the 
signal. 

To  take  a  three-dimensional  case 
(a  3-cps  channel  in  use  for  one 
second,  for  example) ,  consider  Fig. 
3.  All  the  possible  signals  which 
may  be  transmitted  are  represented 
as  points  in  three  dimensional 
space.  Surrounding  each  such  pos¬ 
sible  signal  is  a  region  of  uncer¬ 
tainty  (the  boundary  of  which  be¬ 
comes  sharper  as  the  number  of  di¬ 
mensions  increases),  which  repre¬ 
sents  the  effects  of  noise. 

In  other  words,  the  noise  adds  to 
or  subtracts  from  the  ordinates 
specifying  the  signal  point  in  a 
random  way  which  makes  it  impos¬ 
sible  to  know  exactly  where  the 
signal  point  is  after  the  noise  has 
been  added  in  the  transmission  sys¬ 
tem.  But,  if  we  know  the  average 
value  of  the  noise  energy,  which  we 
recall  is  proportional  to  the  square 
of  a  distance  connecting  points  in 
the  space,  we  know  the  radius  of  the 
roughly  spherical  region  within 
which  the  signal  point  is  located. 
The  same  concept  applies  in  a  space 
of  any  number  of  dimensions,  even 
though  the  shapes  may  not  be  visu¬ 
alized.  So  we  have  a  signal-space  in¬ 
habited  by  points  representing  pos¬ 
sible  signals,  each  point  surrounded 
by  a  region  of  uncertainty  which 
represents  the  random  effects  of 
noise. 

We  now  consider  the  message  be¬ 
fore  its  translation  into  a  signal. 
The  message,  for  example,  may  be 
the  audio  waveform  before  applica¬ 
tion  to  a  frequency-modulated 
transmitter,  the  f-m  wave  radiated 
being  the  corresponding  signal. 


Each  message  has  a  spectrum  of 
frequencies  contained  within  a 
band  W,  cps  .(usually  equal  to  or 
smaller  than  the  channel  bandwidth 
W).  Moreover  the  message  lasts  a 
time  T,  seconds,  which  may  be 
shorter  or  longer  than  the  signal 
duration  T.  Acting  on  the  same 
logic  as  in  the  signal  space,  we 
imagine  a  message  space  of  2WiTi 
dimensions.  Each  point  in  this 
space  represents  a  possible  message 
having  the  given  message  spectrum 
and  message  duration  Ti.  In 
Fig.  4  we  depict  a  two-dimen¬ 
sional  space  (a  message  having 
a  2-cps  spectrum  which  lasts  one 
second,  for  example). 

Moreover,  we  may  imagine 
groups  of  messages  which  are  indis¬ 
tinguishable  from  one  another  when 
perceived  at  the  destination  of  the 
system.  For  example,  we  may  shift 
the  phase  of  the  harmonic  com¬ 
ponents  of  a  speech  waveform  with¬ 
out  changing  the  sound  of  the 
speech  as  perceived  by  the  ear.  If 
we  represent  all  such  indistinguish¬ 
able  messages  as  points  on  an  arc  of 
a  circle  centered  on  the  origin,  we 
may  specify  all  such  messages  by  a 
single  quantity,  the  radial  distance 
from  the  origin  to  the  arc,  as  shown 
in  Fig.  4.  In  this  case  the  message 
space  is  reduced  to  one  effective 
dimension. 

Function  of  Modulation 

Having,  by  dint  of  some  exercise 
of  the  imagination,  dreamed  up  two 
spaces,  one  containing  the  message, 
the  other  the  corresponding  signal, 
we  now  inquire  concerning  the 
translation  process  from  message 
to  signal  at  the  transmitter  and  vice 
versa  at  the  receiver.  This  transla¬ 
tion,  in  geometric  terms,  is  known 
as  mapping  the  one  space  into  the 
other.  An  example  is  given  in  Fig. 
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FIG.  6 — Deriyation  of  reyited  Hartley  law 
is  based  on  a  spherical  signal  space,  with 
radius  squared  proportional  to  sum  of  sig¬ 
nal  power  plus  noise  power 

6A,  If  the  transmitter  employs 
single-sideband  a-m,  the  mapping 
procedure  is  a  one-to-one  transla¬ 
tion,  changing  only  the  position  on 
a  frequency  scale.  If  double-side¬ 
band  a-m  is  used,  two  sidebands  are 
produced  for  each  modulating  har¬ 
monic  component,  so  a  message 
space  of  N  dimensions  is  thereby 
translated  into  a  signal  space  of  2N 
dimensions. 

The  simplest  possible  case  is 
show  in  Fig.  5B.  Here  a  message 
space  of  one  dimension,  the  line 
shown,  contains  a  message  repre¬ 
sented  by  the  point  whose  coordi¬ 
nate  is  X.  When  translated  by  a 
double  sideband  a-m  system  into  a 
signal,  the  signal  space  becomes 
two  dimensional,  as  shown,  but, 
since  the  sidebands  are  symmet¬ 
rically  disposed  about  the  carrier, 
the  same  number  describes  each, 
and  the  corresponding  signal  point 
has  coordinates  x,x.  Hence  all  sig¬ 
nals  lie  on  the  diagonal  line  shown. 
So  all  possible  messages  in  double 
sideband  a-m  are  translated  from  a 
line  to  a  line.  All  the  signal  space 
outside  the  line  is  unused  in  the 
double-sideband  a-m  system.  This 
is  the  reason  why  this  system  of 
modulation  cannot  make  the  fullest 
possible  use  of  the  channel  band¬ 
width. 

In  Fig.  5C,  the  wavy  line  repre¬ 
sents  a  translation  (corresponding 
to  that  introduced  by  pul.se-code 
modulation,  for  example),  which 
makes  fuller  use  of  the  signal  space 
available,  and  hence  is  more  efficient 
than  a-m  as  a  modulation  system. 
Efficient  modulation  systems  all 
operate  in  this  manner,  although 
the  shapes  cannot  be  visualized  in 
the  multidimensional  case. 

In  Fig.  5C,  surrounding  the  mes¬ 


sage  point  is  a  circle  representing 
the  uncertainty  introduced  by  noise. 

If  the  wavy  lines  are  placed  too 
close,  so  that  the  noise  circle  over¬ 
laps  two  lines,  then  the  effect  of  the 
noise  is  multiplied.  This  overlap¬ 
ping  means  that  the  wideband  sys¬ 
tem,  typified  by  the  wavy  line,  has 
a  threshold  value  of  signal,  below 
which  the  effect  of  noise  becomes 
rapidly  worse,  more  rapidly  than  in 
the  simple  a-m  case.  This  effect  has 
been  observed  in  wideband  f-m,  pcm 
and  ptm  systems.  The  theory  shows 
that  this  is  a  general  property  of 
all  wideband  systems. 

System  Capacity 

Finally,  we  come  to  the  deriva¬ 
tion  of  the  modified  Hartley  law, 
Eq.  1.  Dr.  Shannon  illustrated 
the  three-dimensional  case  shown 
in  Fig.  6.  The  transmitter  power  is 
P  watts,  and  the  random  noise 
(white  noise)  is  N  watts.  The  chan¬ 
nel  has  a  bandwidth  W  cps;  the 
signal  duration  is  T  seconds.  At  the 
receiver,  after  the  signal  and  noise 
have  become  mixed,  the  signal  space 
is  represented  as  a  sphere  whose 
radius  squared  is  proportional  to 
(P  +  N).  To  find  out  how  many 
signal  points  may  be  distinguished 
within  this  space,  we  fill  it  with 
small  spheres  representing  the 
noise,  each  of  radius  squared  pro¬ 
portional  to  (N).  The  max¬ 
imum  number  of  noi.se  spheres 
which  will  fit  into  the  multidimen¬ 
sional  signal  space  is  then  the  gen¬ 
eralized  volume  of  the  message 
space  K\^P  -t  AT*’’"'  divided  by  the 
generalized  volume  of  the  noise 
spheres  K\/N‘^”'.  VVe  thus  obtain 
the  number  of  messages  M  which 
may  be  distinguished  at  the  re¬ 
ceiver 

^  ^  ^  r^4-  atT"' 

L  ^  J 

=  {\  +  P'Nf'*-  (2) 

We  can  rewrite  Eq.  2  in  logarithm 
form,  using  for  convenience  the  log 
to  the  base  2 

log.,  M  =  nr  log,  (1  -I-  P  '  AT)  (3) 
Taking  a  cue  from  the  pcm  sy.stem. 
Dr.  Shannon  then  introduced  the 
binary  digit  system.*  If  S  binary 
digits  are  available,  the  number  of 
messages  that  can  be  carried  by 
these  digits  is  M  =  2  ”,  from  which 
S  =  log,M.  Then,  Eq.  3  becomes 

s  =  nr  log,  (1 -f  p  AT)  (4) 

But  S/T,  the  number  of  binary  dig¬ 


its  transmitted  per  second,  is  the 
capacity  C  of  the  channel  to  carry 
binary  digits,  so 

C=  Triog,(l-l- P/AT)  (5) 

which  is  the  law  to  be  proved. 
Whew!  While  the  law  was  proved 
for  a  system  transmitting  messages 
by  the  binary  digit  code,  it  can  be 
shown  to  apply  generally  to  all 
classes  of  systems. 

Dr.  Shannon  pointed  out  that, 
while  bandwidth  c.in  be  saved  (in 
the  ideal  system  which  makes  full 
use  of  the  signal  space)  at  the  ex¬ 
pense  of  signal-noi.se  ratio,  the  sav¬ 
ing  is  very  expensive,  because  of  the 
fact  that  the  logarithm  changes 
very  slowly  with  changes  in  the 
power  P.  Thus  it  might  be  neces¬ 
sary,  in  a  particular  case,  to  in¬ 
crease  the  transmitter  power  two 
times  to  secure  a  10  percent  reduc¬ 
tion  in  bandwidth  without  harm  to 
the  signal.  But,  if  one  can  afford 
it,  one  can  do  it. 

A  final  form  of  the  equation 
which  shows  the  multiplicative  na¬ 
ture  of  the  decibel  improvement, 
previously  mentioned,  is 
C  =  KW  10  logio  i\  +  P/N)  =  K  W  n  (6) 
where  n  =  10  log,o  ( 1  -f  P/N)  is  the 
number  of  db  expressing  the  signal- 
noise  ratio  plus  1,  and  iiT  is  a  pro¬ 
portionality  constant. 

A  lively  discussion  followed  the 
meeting,  participated  in  by  Harold 
Wheeler,  who  stated  his  opinion 
that  the  number  one  should  be  elim¬ 
inated  from  the  argument  of  the 
logarithm.  W,  G.  Tuller,  and  Her¬ 
bert  Sullivan  also  participated  in 
the  di.scussion.  A  summary  of  the 
analysis  presented  by  A.  G.  Clavier, 
comparing  the  transmission  efficien¬ 
cies  of  various  modulation  schemes," 
showed  that,  for  operation  well 
above  (60  db)  the  noise,  the  utili¬ 
zation  efficiency  of  pcm  is  independ¬ 
ent  of  bandwidth,  and  that  the  only 
known  system  in  vffiich  utilization 
efficiency  increa.ses  with  bandwidth 
is  pulsed  frequency  modulation. — 
D.G.F. 
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FIG.  1 — Block  diagrams  showing  the  essen¬ 
tial  tubes  in  the  DuMont.  GE,  and  RCA 
fire-kilowatt  risual  transmitters 


Three  manufacturers  are  cur¬ 
rently  offering  video  transmit¬ 
ters  for  the  commercial  television 
channels  between  54  and  216  me. 
This  article  is  a  survey,  based  on 
conversations  with  the  engineers 
who  designed  the  transmitters,  con¬ 
ducted  to  determine  why  certain  de¬ 
cisions  were  made  in  their  develop¬ 
ment. 

So  far  as  output  is  concerned, 
all  three  makes  produce  the  same  re¬ 
sult,  that  is,  a  vestigial  sidkband 
signal  of  5  kw  peak  power  (3.5  kw 
in  one  case  on  the  high-frequency 
channels).  But  the  manner  in  which 
this  result  is  obtained  differs  vddely 
among  the  three  manufacturers. 
The  differences  appear  in  the  level 
at  which  the  video  modulation  is 
introduced,  in  the  method  of  remov¬ 
ing  the  unwanted  portion  of  the 
vestigial  sideband,  and  in  the 
method  of  cooling  the  tubes  ii  the 
power  output  stage. 

In  talking  with  the  various 
groups  concerned,  the  editors  found 
a  not-unexpected  rivalry  and  a  nat¬ 
ural  tendency  of  one  designer  to 
question  the  wisdom  of  the  rival 
designers’  choice  of  circuits  and 
methods.  Taking  full  advantai'e  of 
this  situation,  questions  were 
passed  from  one  group  to  the  other 
during  the  interviews  and  many  in¬ 
teresting  answers  obtained. 

Before  describing  the  transmit¬ 
ters  in  detail,  some  of  the  outstand¬ 
ing  differences  should  be  mentioned. 
All  three  groups  employ  crystal  con¬ 
trol  and  frequency  multipliers  to 
establish  the  carrier  frequency. 
Here  the  similarity  ends. 

The  RCA  transmitter  employs 
narrow-band  multipliers  up  to  the 
final  stage  and  employs  high-level 
modulation  at  the  grid  of  the  final 
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Design  Trends  in 
Television  Transmitters 


Video  transmitters  offered  commercially  by  DuMont,  General  Electric,  and  RCA  reflect 
basically  different  approaches  to  the  problems  of  modulation,  sideband  suppression,  and 
power  tube  cooling.  The  whys  and  wherefores  are  reviewed  in  this  survey  of  available 

equipment 


stage.  The  undesired  portion  of 
the  lower  sideband  is  removed  by  a 
high-level  filter  in  the  antenna  cir¬ 
cuit. 

The  G-E  transmitter  multiplies  to 
carrier  frequency  at  low  level  and 
the  modulation  is  introduced  at 
about  one  watt  carrier  power.  The 
5-kw  level  is  achieved  by  amplifica¬ 
tion  in  five  linear  stages.  The  high- 
power  stages  are  of  the  grounded- 
grid  wideband  variety,  the  pass 
band  of  each  stage  being  so  posi¬ 
tioned  with  respect  to  the  carrier 
frequency  that  the  unwanted  por¬ 
tion  of  the  vestigial  sideband  is  re¬ 
moved,  in  accordance  with  the  RMA 
specifications,  before  application  to 
the  antenna. 

The  DuMont  designers  have 
adopted  a  position  midway  between 
low-level  and  high-level  modulation. 
Grid  modulation  is  introduced  in  the 
500- watt  stage,  followed  by  two 
class-B  linear  grounded-grid  stages. 
All  three  stages  are  aligned  to  re¬ 
move  the  unwanted  portion  of  the 
vestigial  sideband.  The  final  stage 
employs  air-cooled  tubes.  In  the 
high-band  version  of  the  DuMont 
transmitter,  the  power  output  ob¬ 
tainable  is  3.5  kw. 

The  arguments  for  and  against 
these  arrangements  are  as  follows: 
The  high-level  transmitter  typified 


by  RCA’s  offering  is  easy  to  tune, 
since  each  of  the  amplifier  stages  is 
a  narrow-band  unit,  tunable  merely 
by  reference  to  meter  readings.  The 
low-level  transmitter  on  the  other 
hand  uses  several  wideband  stages, 
each  of  which  must  be  tuned  by 
reference  to  a  sweep-pattern  on  a 
c-r  oscilloscope.  On  the  reverse  side 
of  the  argument,  the  high-level 
transmitter  needs  a  high  level  of 
video  voltage  for  modulation  and  re¬ 
quires  a  vestigial  sideband  filter 
after  the  final  stage,  which  in  itself 
is  expensive  and  consumes  some  of 


the  output  power  which  might 
otherwise  be  radiated. 

The  choice  of  cooling  methods  of 
the  final  stage  is  also  full  of  pros 
and  cons.  Air-cooling,  used  by  Du¬ 
Mont,  is  simple  and  inexpensive. 
Simple  water-cooled  tubes  such  as 
are  used  in  the  G-E  transmitter  can 
be  made  smaller  and  hence  some¬ 
what  more  efficient  than  air-cooled 
tubes.  The  all-out  water-cooled  tube 
used  by  RCA  applies  cooling  water 
not  only  to  the  plate,  but  also  to  the 
grids  and  filament  seals.  This  makes 
for  a  very  small  tube,  highly  effi- 


FIG.  2 — Transmission  channel  specified  by  RMA  and  FCC  standards.  A  portion  of  the 
lower  sideband  is  not  transmitted 
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cient  even  at  frequencies  higher 
than  216  me,  but  requires  a  distilled 
water  cooling  system  from  which 
dirt  has  been  rigorously  excluded 
(since  dirt  particles  might  clog  up 
the  narrow  passage  through  the 
grids). 

It  would  appear  that  such  basic 
differences  would  make  a  difference 
in  the  cost  of  the  transmitter,  but 
this  factor  does  not  differ  markedly 
in  the  three  units.  The  answer  is 
that  competition  is  a  great  leveler 
in  such  matters,  and  that  a  sizable 
production  run,  over  which  engin¬ 
eering  and  development  charges  are 
spread,  may  permit  an  expensive 
design  to  be  sold  competitively. 

DuMont  Visual  Transmitter 
(Series  1000) 

Considering  the  three  types  in 
alphabetical  order,  the  DuMont 
transmitter  line-up  is  illustrated  in 
Fig.  lA.  The  crystal  frequency  is 
doubled  in  the  crystal  stage,  fol¬ 
lowed  by  two  additional  doublers 
for  the  low  band  (channels  2  to  6, 
54  to  88  me)  and  an  additional  trip- 
ler  for  the  high  band  (channels  7 
to  13,  174  to  216  me).  The  carrier 
frequency  thus  established,  the  sig¬ 


nal  is  passed  through  an  amplifier 
which  raises  the  level  to  about  60 
watts.  At  this  level  the  carrier  is 
combined  with  the  video  modulation 
and  applied  to  the  grids  of  the  mod¬ 
ulated  amplifier  stage  (two  type 
4X600 A’s  in  push-pull). 

The  video  amplifier  accepts  the 
composite  video  signal  at  the  stand¬ 
ard  RMA  level  of  1.0  to  2.5  volts, 
and  amplifies  it  in  three  video 
stages,  the  last  of  which  employs 
two  4E27  tubes  in  parallel  and  de¬ 
velops  about  50  watts  peak  video 
power  across  500  ohms  (150  volts 
peak  video  voltage).  The  d-c  com¬ 
ponent  of  the  video  signal  is  re¬ 
stored  by  type  1-V  diodes  at  the 
grids  of  the  6L6  and  4E27  stages. 
Thereafter  the  d-c  component  is 
preserved  by  conductive  coupling 
between  the  4E27  plates  and  the 
modulated  amplifier  grids.  Since 
the  latter  grids  operate  with  normal 
negative  bias,  the  4E27  plates  are 
negative  with  respect  to  ground. 
This  requires  that  the  4E27  cath¬ 
odes  be  operated  at  a  negative  volt¬ 
age,  below  ground  by  an  amount 
equal  to  the  normal  plate  voltage. 
This  negative  voltage  is  supplied  by 
a  separate  power  supply. 


The  output  of  the  modulated  am¬ 
plifier  is  a  video-modulated  signal  of 
about  600  watts  peak  power,  with  a 
total  bandwidth  of  about  7  me.  In 
the  low-band  version  of  the  trans¬ 
mitter,  this  power  level  is  amplified 
to  5  kw  peak  by  passage  through 
two  class-B  linear  stages  employing 
type  WX3300  air-cooled  tubes.  The 
bandwidth  of  these  amplifiers  is 
between  4  and  5  me,  and  the  band¬ 
pass  curve  is  positioned  so  that  the 
picture  carrier  frequency  lies  to  the 
left  of  the  center,  as  shown  in  Fig. 
2.  Thus  the  lower  portion  of  the 
lower  sideband  is  removed,  as  re¬ 
quired  by  the  vestigial  sideband 
standard.  In  the  high-band  version 
of  the  transmitter,  the  type 
WX3300  tubes  are  replaced  by  type 
6C22,  and  the  peak  power  output  at 
the  output  of  the  final  stage  is 
3.5  kw. 

The  tuning  of  the  class-B  stages 
is  accomplished  by  adjustment  of 
three  parameters :  the  length  of  the 
tank-circuit  lines,  the  lumped  capac¬ 
itance  at  the  ends  of  the  halfwave 
lines,  and  the  loading  reflected  from 
the  following  stage  (first  stage)  or 
antenna  (second  stage).  Both 
class-B  stages  are  operated  in  the 
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FIG.  3 — Rear  Tiew  of  modulator  and  low- 
power  stages  oi  DuMont  transmitter.  The 
500-watt  stage  is  at  the  upper  right,  under 
blower 


FIG.  4 — Rear  of  DuMont  5-kw  amplifier, 
containing  two  class-B  linear  air-cooled 
stages.  The  complete  tube  lineup  is  shown 
in  Fig.  lA 


FIG.  5 — ^Front  riew  of  DuMont  S-kw  ampli¬ 
fier.  showing  three  built-in  oscilloscopes,  on 
a  sloping  center  panel,  for  aligning  wide¬ 
band  stages 


ease  of  maintenjince,  and  the  ease 
with  which  inexperienced  personnel 
may  operate  the  equipment. 

The  built-in  sweep  generator  and 
individual  oscilloscopes  make  the 
tuning  procedure  a  simple  opera¬ 
tion.  Initially,  the  transmitter  is 
tuned  with  looser  coupling,  produc¬ 
ing  a  sharply  tuned  resonance 
curve.  As  the  coupling  between 
stages  is  tightened,  a  double-hump 
resonance  curve  appears.  Each  of 
the  secondary  stages  of  the  coupled 
circuits  is  provided  with  an  adjust¬ 
able  position  to  vary  the  loading. 
When  the  loading  is  increased  on 
the  secondary  of  each  stage,  the 
bandwidth  becomes  greater,  and  the 
double-hump  resonance  curve  re¬ 
verts  to  a  flat-topped  response  char¬ 
acteristic.  With  this  method  of 
varying  the  coupling  and  loading, 
the  required  bandwidth  may  be 
readily  attained. 

It  is  desirable  to  tune  each  stage 
so  that  the  minimum  bandwidth 
required  is  available,  to  provide 
high  transfer  of  energj'  between 
stages  and  to  attenuate  the  lower 
sideband  more  sharply.  This  tun¬ 
ing  procedure  may  be  begun  from 
either  the  input  end  or  the  output 
end.  Once  coupling  has  been  prop¬ 
erly  adjusted,  it  is  a  matter  of 
minutes  to  make  any  modification 
necessary  in  tuning.  Provision  has 
been  made  to  inject  a  small  portion 
of  the  r-f  exciter  voltage  for  use  as 
marker  frequencies. 

The  grounded-grid  amplifier  cir¬ 
cuit  presents  its  own  loading  im¬ 
pedance.  It  is  therefore  unneces¬ 
sary  to  load  down  the  transmission 
lines,  resulting  in  a  considerable  in¬ 
crease  in  effective  power. 

General  Electric  Model  TT-7-A/B 

The  G-E  transmitter  line-up  is 
shown  in  Fig.  IB.  The  crystal  stage 
triples  the  crystal  frequency  and  is 
followed  by  two  doublers  for  the 
low  bands,  with  an  additional  trip- 
ler  for  the  high  bands.  Modulation 
is  accomplished  at  the  plate  of  a 
type  815  tube  (low  band)  or  type 
832A  (high  band),  the  grid  of 
which  is  driven  at  carrier  fre¬ 
quency.  The  peak  video  voltage  ap¬ 
plied  to  the  plate  of  the  modulated 
stage  is  only  80  volts,  so  the  modu¬ 
lation  level  (about  one  watt,  peak) 


FIG.  7 — Water-cooled  final  stage  of  the  G-E 
transmitter.  The  9C24  tubes  consume  heary 
filament  current,  as  indicated  by  the  size  of 
the  leads 


FIG.  6 — One  of  the  closs-B  stages  of  the 
G-E  transmitter,  showing  method  of  remov¬ 
ing  air-cooled  tube  from  anode  tank.  The 
circuit  is  tuned  by  an  L-shaped  flipper 


a  vestigial  sideband  filter  in  the 
output  and  to  secure  the  highest 
possible  economy  in  the  production 
of  output  power.  As  previously  men¬ 
tioned,  this  choice  admittedly  en¬ 
tails  more  difficulty  in  tuning  the 
transmitter  than  if  high-level  mod¬ 
ulation  were  used.  To  simplify  the 
tuning  adjustments,  the  DuMont 
transmitter  has  three  built-in  c-r 
oscilloscopes  (Fig.  5)  which  permit 
simultaneous  monitoring  of  the 
sweep-frequency  pattern  at  the  in¬ 
put  and  output  of  each  wideband 
stage.  A  built-in  frequency-sweep 
(wobbulator)  is  also  provided,  so 
that  all  essential  test  equipment  re¬ 
quired  for  lining  up  the  wideband 
stages  is  included.  It  is  possible  to 
check  the  alignment  of  all  class-B 
stages  merely  by  throwing  one 
switch. 

The  choice  of  low-level  modula¬ 
tion  and  suppression  of  the  lower 
sideband  by  means  of  fundamental 
coupled  circuit  methods  is  a  result 
of  serious  consideration  by  the  Du¬ 
Mont  engineers.  The  choice  was 
made  on  experience  gained  since 
1939  with  W2XWV  and  later  with 
WABD,  particularly  with  respect 
to  problems  of  initial  installation. 


grounded-grid  connection,  since 
this  reduces  neutralization  diffi¬ 
culties  and  adds  a  portion  of  the 
driving  power  to  the  output  of  the 
stage. 

The  push-pull  output  of  the  final 
stage  is  converted  to  single-ended 
connection  (necessary  for  the  coax¬ 
ial  transmission  line  to  the  anten¬ 
na)  by  passage  through  a  balanced- 
to-unbalanced  converter  (bazooka). 
This  consists  of  a  sleeve  around  the 
outer  conductor  of  the  coaxial  line, 
at  the  lower  end.  Inside  the  sleeve 
is  a  plunger,  adjustable  to  the  par¬ 
ticular  carrier  frequency  in  use.  A 
crystal  diode  recovers  a  small  por¬ 
tion  of  the  output  for  measuring 
power  output  and  indicating  the 
waveform  of  the  carrier  envelope. 

Internal  views  of  the  video-modu¬ 
lated  amplifier  assembly  and  power 
amplifier  are  shown  in  Fig.  3  and  4. 
Primary  aims  in  the  DuMont  de¬ 
sign  have  been  to  make  all  units 
accessible  for  servicing  without  re¬ 
moval  from  the  cabinet,  and  to  keep 
the  circuits  as  simple  and  straight¬ 
forward  as  possible.  The  choice  of 
low-level  modulation  was  made  to 
save  the  cost  of  a  high-level  video 
amplifier,  to  eliminate  the  need  for 
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is  substantially  lower  than  that  of 
the  DuMont  system. 

The  video  chain  in  the  G-E  trans¬ 
mitter  consists  of  five  stages  and  a 
cathode  follower,  with  a  diode  d-c 
restorer  at  the  grid  of  the  next  to 
last  stage.  One  of  the  video  ampli¬ 
fiers  acts  as  a  sync-stretcher — that 
is,  it  extends  the  amplitude  of  the 
sync  pulses  relative  to  the  re¬ 
mainder  of  the  video  waveform, 
thus  permitting  the  required  25 
percent  sync  pulse  amplitude  to  be 
maintained  at  the  transmitter  out¬ 
put,  despite  compression  in  the 
amplifier  stages  and  even  if  the  in¬ 
put  signal  has  substandard  sync 
amplitude.  The  final  video  stage  is 
conductively  coupled  to  the  modu¬ 
lator  tube  and  is  operated  with  neg¬ 
ative  cathode  voltage,  as  previously 
described. 

The  output  of  the  modulated 
amplifier  (low-band  version)  is 
amplified  in  five  linear  push-pull 
class-B  wideband  stages,  two  stages 
type  5D24  (or  4-250 A),  two  type 
5513,  and  one  type  9C24.  The  first 
two  are  air-cooled,  the  last  three 
water-cooled.  In  the  high-band 
version  five  stages  are  used.  The 
tubes  are  types  829B,  5588,  5513, 
5513,  and  9C24  respectively,  the 
last-named  being  water-cooled. 

To  assist  in  tuning  the  wideband 
stages,  a  built-in  sweep  generator  is 
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-Equivalent  circuit  of  the  high-level  vestigial  sideband  filter  used  in  RCA 
design.  Made  of  SVs  inch  coaxial  elements,  it  will  pass  a  50-kw  signal 


included,  and  the  output  of  the  final  deflection  plates  is  derived  from  a 
stage  is  viewed  on  an  external  c-r  crystal  diode  connected  within  the 
oscilloscope.  The  overall  bandwidth  bazooka  in  the  antenna  circuit.  The 
of  the  five  stages  is  4.75  me,  posi-  stages  are  tuned  working  backward 

tioned  with  respect  to  the  carrier  as  from  the  output  tank,  all  adjust- 

shown  in  Fig.  2.  The  sweep  gener-  ments  of  tuning  and  loading  being 
ator  operates  at  carrier  frequency  made  from  front-panel  controls, 
and  sweeps  through  a  range  of  ap-  Alignment  of  all  stages  can  be  com- 
proximately  12  me.  The  sweep  is  pleted  if  necessary,  according  to  the 
applied  to  terminal  jacks,  perma-  testimony  of  G-E  engineers,  in  ap- 
nently  coupled  to  the  plate  tank  of  proximately  five  minutes, 
each  wideband  stage.  The  output  The  factors  dictating  the  choice 
applied  to  the  oscilloscope  vertical  of  the  low-level  design  in  the  G-E 

case  run  parallel  to  those  cited  for 

m  modulation  characteristic.  The  use 
of  a  cross-connected  dual  tetrode 
•  modulated  stage  keeps  the  residual 

r-f  (fed  through  the  modulator  at 
^  point  of  the  modulation 

cycle)  to  a  small  value  and  hence 

'  bility  (maximum  white,  5  to  10  per- 

cent).  Views  of  the  G-E  transmit- 
|P  shown  in  Fig.  6  and  7. 

mentally  on  the  experience  gained 
since  1939  with  station  WRGB,  a 
40-kw  transmitter  near  Schenec¬ 
tady,  which  also  uses  low-level 
modulation.  The  post-war  improve¬ 
ments  include  the  use  of  the  stable 
and  efficient  grounded-grid  circuit 


fig.  8 — The  final  stage  of  the  RCA  transmitter.  The  8D21  tetrode  has  water-cooled 
anodes,  screen  grids,  and  control  grids,  and  only  2  tifil  plate-to-plate  output 
capacitance.  All  water  connections  are  of  the  clip-on  type 
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6AG7  sync  stretcher)  and  six 
4E27’s  in  parallel,  respectively.  The 
pulse  stretcher  increases  the  pulse 
amplitude  in  the  second  stage,  and 
a  tetrode-controlled  dual-diode 
clamper  circuit  reinserts  the  d-c 
component  at  the  grids  of  the 
4E27’s.  The  final  video  stage  pro¬ 
vides  about  100  watts  of  video 
power  on  the  average. 

The  load  resistance  of  the  final 
video  amplifier  is  of  unusual  form, 
known  as  a  constant-resistance  net¬ 
work.  Basically  the  network  con¬ 
sists  of  two  arms  in  parallel,  L  and 
R  in  series  in  one  arm,  and  C  and  R 
in  series  in  the  other,  such  that 
R  =  \/  L/C.  Such  a  nebvork  dis¬ 
plays  a  constant  resistive  imped¬ 
ance  over  a  very  wide  band  of  fre¬ 
quencies,  much  wider  in  fact  than 
the  4.5-mc  bandwidth  of  the  modu¬ 
lating  signal.  The  actual  form  em¬ 
ployed  in  the  transmitter  consists 
of  several  L  and  C  sections,  each  of 
which  satisfies  the  relation  given 
above,  but  with  the  LC  product  of 
each  chosen  to  resenate  at  different 
portions  of  the  video  band.  The 
two  resistors  are  placed  at  the  bot¬ 
tom  of  the  network  (  next  to  video 
ground),  and  may  be  of  the  wire- 
wound  (inductive)  type  since  they 


The  final  stage  employs  a  water- 
cooled  double  tetrode,  type  8D21,  of 
unusual  design,  shown  in  Fig.  8. 
Distilled  water,  supplied  at  a  rate 
of  about  1.7  gallons  per  minute,  is 
forced  through  the  plate,  as  well  as 
through  both  control  and  screen 
grid,  which  are  hollow.  Water  is 
also  applied  to  the  filament  seals. 
This  thorough-going  cooling  system 
permits  the  tube  to  be  operated  at 
the  very  high  plate  dissipation  of 
370  watts  per  square  centimeter  of 
anode  surface.  Consequently  the 
elements,  and  their  electrical  ca¬ 
pacitance,  are  much  smaller  than 
those  of  comparable  air-cooled  and 
conventional  water-cooled  tubes. 
The  plate-circuit  efficiency  is  cor¬ 
respondingly  high.  The  tube  can 
operate  equally  well  on  all  channels 
up  to  216  me  (in  fact,  full  power 
output  has  been  produced  at  285 
me).  A  self-contained  circulating 
water  cooler  and  filter  is  used  to 
supply  water  to  the  tube  and  its 
grid  resistor  and  to  the  vestigial 
sideband  filter  and  dummy  antenna 
load,  which  are  integral  parts  of 
the  transmitter. 

The  video  amplifier  consists  of 
three  stages,  three  6AG7’s  in  par¬ 
allel,  two  807’s  in  parallel  (with  a 


and  the  rugged  disk-seal  9C24 
water-cooled  final  amplifier  tube. 

Answering  objections  to  the  large 
number  of  class-B  stages,  the  G-E 
engineers  point  out  that  any  varia¬ 
tion  in  the  response  of  one  stage 
introduces  a  small  effect  on  the  out¬ 
put.  A  similar  variation  in  a  high- 
level-modulated  stage  would  pro¬ 
duce  a  more  serious  degradation  of 
picture  quality.  For  the  same 
reason,  it  is  possible  to  remove  any 
tube  in  the  G-E  transmitter  and  go 
back  on  the  air  without  retuning, 
thus  evidently  reducing  off-the-air 
time. 

The  grounded-grid  circuit  is  a 
great  favorite  with  the  G-E  de¬ 
signers,  for  three  reasons:  First, 
the  low  imput  impedance  provides 
the  necessary  wideband  circuit 
loading  without  wasting  power. 
Second,  the  circuit  is  remarkably 
stable.  Throughout  the  develop¬ 
ment  of  the  high-power  grounded- 
grid  stages,  parasitic  oscillations 
have  never  appeared.  Third,  the 
low  impedance  permits  easy  adjust¬ 
ment  of  tuning  and  loading  from 
front-panel  adjustments. 

In  the  event  higher  power  is  re¬ 
quired,  additional  class-B  stages 
can  be  added  readily,  since  the  same 
technique  of  circuit  adjustment 
would  apply  to  them  as  to  the  exist¬ 
ing  lower-power  stages. 

RCA  Transmitter  TT-5A 

The  tube  line-up  of  the  RCA  5-kw 
transmitter  is  shown  in  Fig.  1C. 
Comparison  with  the  DuMont  and 
G-E  diagrams  in  the  same  figure 
shows  that  the  RCA  design  repre¬ 
sents  a  radically  different  approach. 
Three  crystals  are  provided.  Two 
serve  the  usual  Operate  and  Spare 
functions.  The  third  is  a  Tune-UP 
unit  used  only  during  tuning  of  the 
final  stage,  as  described  later.  The 
crystal  stage  doubles,  and  is  fol¬ 
lowed  by  a  doubler  and  tripler 
stage.  In  the  low-band  version,  the 
next  stage  is  a  straight-through 
amplifier.  In  the  high-band  version 
this  latter  stage  operates  as  a  trip¬ 
ler  and  two  other  stages  are  added 
to  provide  the  necessary  driving 
power.  The  next-to-last  stage,  a 
pair  of  4C33’s,  provides  about  400 
watts  of  driving  power  for  the  final 
.stage. 


FIG.  10 — Video  ampliiier  of  the  RCA  tram- 
mitter.  The  six  4E27  tubes,  which  develop 
626  Tolts  peak-to-peak  Tideo,  are  on  top 
rock 


FIG.  11 — Elements  of  the  constant-resist¬ 
ance  network  used  as  a  load  for  the  high 
leTel  modulator  stage  ci  the  RCA  equip¬ 
ment 
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have  no  effect  on  high-frequency 
performance.  The  high  power  dis¬ 
sipation  required  of  the  final  video 
amplifier  is  thus  conveniently  ac¬ 
complished  without  loss  of  high- 
frequency  response.  Voltage  stabi¬ 
lization  is  applied  to  all  video  stages 
to  keep  the  black  level  constant. 

The  video  voltage  (about  626 
volts  peak  to  peak)  is  applied  con- 
ductively  to  the  grids  of  the  final 
r-f  stage,  which  operate  at  normal 
negative  bias.  To  apply  positive 
voltage  to  the  plates  of  the  4E27 
modulators,  it  is  necessary  to  insert 
a  series  power  supply  of  1,100  volts 
within  the  constant-resistance  net¬ 
work.  This  power  supply  is  inserted 
below  the  high-frequency  sections 
of  the  network  and  hence  does  not 
add  to  the  capacitive  load  at  the 
modulator  output.  The  final  r-f 
stage  operates  at  6,000  volts  plate 
potential.  The  modulation  capa¬ 
bility  is  90  percent,  which  exceeds 
the  maximum  FCC  requirement  (86 
percent,  that  is,  maximum  white  16 
percent  or  less  of  peak  amplitude). 

The  vestigial  sideband  filter  is 
essentially  three  filter  sections  con¬ 
structed  of  coaxial  line.  The  equiv¬ 
alent  circuit  is  given  in  Fig.  9.  Two 
of  the  sections  are  m-derived  units, 
one  for  passing  a  portion  of  the 
lower  sideband  energy  to  a  water- 
cooled  terminating  resistor,  the 
other  for  sharpening  the  cutoff  at 
the  edge  of  the  upper  sideband.  The 
third  filter  section  is  a  notch  filter 
for  removing  any  picture-signal 
energy  at  the  frequency  of  the 
sound  channel  of  the  next  lower 
television  channel.  The  notch  filter 
also  dissipates  its  energy  in  a 
water-cooled  resistor.  All  elements 
of  the  sideband  filter  are  con¬ 
structed  of  3i  inch  72-ohm  coaxial 
line.  This  is  large  enough  to  pass  a 
50-kw  signal,  in  the  event  that  a 
power  amplifier  is  later  added  to  the 
transmitter.  The  large  size  also 
lowers  the  insertion  loss  of  the  filter 
to  3.38  percent  at  100  me.  Two 
types  of  sideband  filter  are  supplied, 
for  low-band  or  high-band  use. 
Each  type  is  pretuned  at  the  factory 
for  the  particular  channel  assigned 
to  the  transmitter.  The  water  flow 
required  by  the  resistors  in  the  fil¬ 
ter  is  about  two  gallons  per  minute. 

The  tuning  procedure  of  this 
RCA  transmitter  is,  as  previously 
mentioned,  somewhat  simpler  than 


in  the  low-level  type  of  equipment, 
since  only  the  output  tank  of  the 
8D21  stage  requires  wideband  ad¬ 
justment.  Two  methods  of  tuning 
may  be  used.  In  this  simpler 
method,  the  tune-up  crystal  is  in¬ 
serted  in  the  crystal  stage  and 
the  following  r-f  stages  are  tuned 
by  the  conventional  meter-reading 
method.  The  carrier  frequency  thus 
obtained  is  approximately  1.6  me 
higher  than  the  assigned  carrier 
frequency,  and  falls  in  the  center  of 
the  channel  passband.  The  final 
stage  is  then  tuned  symmetrically 
by  the  tuning  and  loading  of  its 
grid  circuit  and  output  tank,  until 
it  displays  predetermined  meter 
readings. 

When  this  preliminary  tune-up 
procedure  is  complete,  the  Operate 
crystal  is  switched  into  position  and 
the  r-f  amplifier  chain  (except  the 
output  of  the  final  stage)  is  re¬ 
tuned  to  the  assigned  carrier  fre¬ 
quency.  This  process  takes  but  a 
few  minutes  and  is  accomplished 
without  the  use  of  an  oscilloscopic 
sweep  pattern. 

The  foregoing  method  does  not 
provide  a  means  of  recording  the 
characteristic.  For  proof  of  per¬ 
formance,  and  where  precise  meas¬ 
urements  are  required,  a  second 
method  is  used  wherein  an  ordinary 
video  sweep  generator  is  patched 
into  the  regular  transmitter  input. 
A  built-in  diode  following  the  side¬ 
band  filter  rectifies  the  sweep  modu¬ 
lation,  which  may  be  viewed  on  a 
low-frequency  scope,  and  the  pre¬ 
sentation  compared  directly  to  the 
RMA  standards  of  minimum  re¬ 
sponse.  Required  adjustments  are 
made  on  8D21  anode  and  output 
circuits  while  viewing  the  scope. 
This  method  yields  the  overall 
transmitter  characteristic,  includ¬ 
ing  that  of  the  video  system. 

The  circuits  and  methods  adopted 
by  the  RCA  engineers  are  based  on 
many  factors,  including  the  experi¬ 
ence  gained  since  1936  with  trans¬ 
mitters  installed  at  NBC.  High-level 
modulation  was  adopted  because 
the  picture  quality  is  affected 
only  by  the  video  amplifiers,  which 
require  no  adjustments  in  service, 
one  r-f  stage,  and  the  vestigial  fil¬ 
ter.  In  the  low-level  case,  misad- 
justment  of  any  of  the  class-B 
stages  has  a  definite  effect  on  pic¬ 
ture  quality,  and  may  even  (if  bal¬ 


ance  is  lost)  reinsert  the  unwanted 
portion  of  the  vestigial  sideband. 

As  a  further  protection  against 
loss  of  picture  quality,  the  modu¬ 
lated  r-f  stage  uses  a  tube  specially 
designed  for  grid  modulation  over 
the  wide  bands  required  for  tele¬ 
vision.  While  this  tube  is  admit¬ 
tedly  expensive,  it  possesses  a  very 
high  degree  of  stability  against  re¬ 
generation,  even  a  small  amount  of 
which  is  fatal  to  picture  quality, 
and  it  offers  the  rated  output  of  6 
kw  at  conservative  ratings. 

The  RCA  engineers  interviewed 
agree  that  high-level  modulation  is 
practical,  at  present,  only  for  trans¬ 
mitters  of  6  kw  or  lower  power  out¬ 
put.  If  higher  power  is  required  in 
the  future,  it  will  probably  prove 
most  economical  to  add  a  class-B 
linear  stage  to  the  present  equip¬ 
ment,  since  several  thousand  volts 
of  video  signal  would  be  required  to 
grid-modulate  a  50-kw  stage,  and 
this  would  require  an  exorbitantly 
large  investment  in  the  video  ampli¬ 
fier  and  modulator.  But  for  the  6-kw 
level,  the  RCA  technicians  insist 
that  high-level  modulation  produces 
the  best  result,  particularly  with  re¬ 
spect  to  maintaining  picture  quality 
over  long  periods  of  time,  including 
tube  replacements.  They  argue  that 
maintenance  of  picture  quality  is 
well  worth  the  additional  costs 
which  may  be  involved,  especially 
since  the  cost  of  programming  is 
the  predominant  factor  in  running 
a  television  station. 

Summary 

In  summary,  the  points  of  view 
represented  by  the  three  transmit¬ 
ter  designs  are  vigorously  upheld  by 
the  respective  design  groups.  One 
system  may  attract  wider  support 
than  the  others,  but  at  present 
there  is  little  evidence  as  to  which 
system  will  eventually  win  out.  The 
writer’s  opinion  is  that  all  three  de¬ 
signs  are  capable  of  producing  re¬ 
sults  so  closely  the  same  that  other 
parts  of  the  transmission  system, 
particularly  camera  pick-up  equip¬ 
ment  and  network  connections,  are 
likely  to  impose  the  limit  on  the 
overall  performance  of  the  broad¬ 
casting  plant.  Only  the  experience 
of  future  months  can  prove  or  dis¬ 
prove  the  competitive  claims  re¬ 
garding  ease  of  maintenance  and 
running  costs. — D.G.F. 
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FREMODYNE 

F-M  Receiveis 


Description  and  evaluation  of  measurements  made  on  a  novel  superregenerative  super¬ 
heterodyne  circuit  offered  for  low-cost  mass-produced  f-m  receivers.  Figures  are  given  for 
sensitivity,  cpiieting-sensitivity,  distortion,  audio  response,  selectivity,  and  radiation 


The  most  inexpensive  approach, 
to  date,  to  the  production  of 
an  f-m  broadcast  receiver  is  the 
“Fremodyne”  circuit,  licensed  by 
Hazeltine  Electronics  Corporation 
to  some  125  manufacturers,  5  of 
whom  are  currently  in  production. 
Because  of  its  potential  impact  upon 
every  aspect  of  f-m  broadcast  lis¬ 
tening,  the  editors  of  Electronics 
canvassed  the  manufacturing  li¬ 
censees  and  found  that  two  of  them 
already  had  receivers  or  converters. 
One  a-c/d-c  table  model  receiver  for 
f-m  and  a-m  was  purchased,  an¬ 
other  of  the  same  make  was  bor¬ 
rowed,  f-m  converter  supplied  gra¬ 
tis  by  another  manufacturer. 

Using  standard  testing  equip¬ 
ment  as  well  as  qualitative  listening 
tests,  the  editors  subjected  twoavail- 
able  versions  of  the  Fremodyne  cir¬ 
cuit  to  a  series  of  fundamental  tests 
that  will  be  of  significant  interest 
to  designers  in  the  f-m  field.  The 
tests  conducted  included  sensitivity 
(signal-noise  ratio),  quieting-sen¬ 
sitivity  (quieting  of  receiver  noise 
by  an  unmodulated  carrier),  distor¬ 
tion,  relative  audio  response,  selec¬ 
tivity  (response  to  adjacent  and  co¬ 
channel  interference),  and  radiated 
interference,  although  the  terms 
used  are  not  synonymous  with  those 
definitions  as  applied  in  standard 
RMA  receiver  tests. 

It  should  be  emphasized  that,  for 
reasons  to  be  given,  certain  arbi¬ 
trary  criteria  of  judgment  were 
adopted.  An  extension  of  the  test¬ 
ing  method  to  two  conventional 
types  of  f-m  receivers  is  intended 
to  aid  in  interpreting  the  test 
results. 

Described  by  Hazeltine  as  a 
superregenerative  superheterodyne. 


Combination  a-m  and  f-m  receiver  using  the  superregenerative  superheterodyne  cir¬ 
cuit.  Local  and  signal  tuning  coils  ond  padders  can  be  seen  above  tuning  gong  at  leit 


Under-cbassli  view  of  a  Fremodyne  f-m  converter  with  r-f  circuit  at  left  Loter  models 
use  the  same  basic  circuit  but  have  an  additional  audio  amplifier  tube 
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The  signal  generators  were 
Measurements  Corp.  model  78-FM 
for  the  frequency  range  covered  by 
the  f-m  broadcast  band,  with  pro¬ 
vision  for  internal  or  external  fre¬ 
quency  modulation  of  the  carrier. 
The  audio  oscillator  was  a  Hewlett- 
Packard  type  200-C.  Audio  output 
in  every  case  was  taken  after  the 
de-emphasis  network  included  in 
the  receiver  but  ahead  of  any  audio 
amplifier  so  that  the  superregener- 
ative  circuit  was  measured  alone. 
Suitable  gain  was  provided  by  a 
Radio  Engineering  Labs,  audio 
amplifier  model  600.  The  loud¬ 
speaker  was  connected  to  a  separate 
output  from  the  amplifier  for  moni¬ 
toring  purposes.  Owing  to  hum 
and  quenching  frequency  noise  only 
the  pass  band  between  500  and  5,000 
cycles  was  measured,  except  as  later 
noted.  Filtering  was  accomplished 
with  General  Radio  500-cycle  high- 
pass  and  5,000-cycle  low-pass  sec¬ 
tions.  The  di.stortion  analyzer  was 
a  Hewlett-Packard  model  330B  in¬ 
strument  and  the  oscilloscope  an 
RCA  type  155A. 

Fremodyne  sets  1  and  3,  dis¬ 
cussed  hereafter,  are  a-m/f-m, 
a-c/d-c  receivers  of  a  type  shown  in 
the  block  diagram  of  Fig.  2.  Set  2 
as  tested  comprises  only  the  Fre¬ 
modyne  circuit  and  power  supply; 
it  was  designed  for  use  as  an  f-m 
converter  for  existing  a-m  receiv¬ 
ers.  Both  sets  as  now  manufac¬ 
tured  have  a  line-cord  antenna  and 
also  make  provision  for  connecting 
an  external  antenna,  although  the 
line-cord  connection  was  omitted  in 
set  2,  in  the  particular  sample 
tested. 

Set  4  is  a  Zenith  model  8H023 
a-m/f-m,  high-and-low-band  re¬ 
ceiver  of  conventional  f-m  design, 
that  has  been  in  use  for  some 
months  without  readjustments.  It 
contains  a  stage  of  trf,  converter, 
two  i-f's,  limiter  and  discriminator. 
Set  5  is  a  special  receiver.  Radio 
Engineering  Laboratories  model 
646,  designed  for  optimum  f-m 
reception  and  is  in  no  way  compar¬ 
able  to  a  low-priced  home  receiver. 
It  has  a  trf  stage,  converter,  three 
i-f’s,  two  limiters,  discriminator. 

Measurements  were  made  of  the 
signal-to-noise  (actually  signal- 
plus-noise  to  noise)  ratio  at  90  me 


using,  with  one  exception,  50  kc 
deviation  with  1,000-cycle  modula¬ 
tion.  The  higher  audio  frequency 
was  necessary,  rather  than  the  more 
standard  400  cycles,  because  of  the 
500-to-5,000  cycle  pass  band  used 
in  the  tests.  A  more  considerable 
deviation  than  22.5  kc  was  desirable 
in  order  to  obtain  a  tuning  point 
midway  between  distortion  and 
noise  that  would  have  significance 
from  a  listener’s  point  of  view.  It 
also  served  to  facilitate  duplication 
of  tuning  settings  during  the  tests, 
because  they  occurred  on  a  straight 
portion  of  the  detection  slope. 

Initial  tests  of  Fremodyne  set  2 
using  400  cycles  at  75  kc  deviation 
were  essentially  preliminary  and 
seemed  too  severe.  Time  was  not 


available  to  repeat  them  at  1,000 
cycles  using  the  lower  deviation  of 
50  kc  standardized  for  the  other 
receivers.  The  figures  as  presented 
are  corrected  for  attenuation  of  the 
400-cycle  signal  by  the  500-cycle 
high-pass  filter.  Fremodyne  set  3 
developed  a  bad  hum  after  several 
hours  of  operation  so  that  only  the 
check  points  shown,  measured  be¬ 
fore  hum  began,  are  felt  to  be 
representative. 

F-M  Receiver  Characteristics 

The  results  plotted  in  Fig.  3  make 
use  of  the  phenomenon  that  the 
desirable  characteristics  of  an  f-m 
receiver  include  an  avc  action  (the 
audio  output  must  not  change  ap¬ 
preciably  with  changes  in  signal 
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FIG.  2 — Block  diagram  of  an  i-m  a-m  receiver  in  which  the  audio  system  is  common 
to  both  the  Fremodyne  and  a  conventional  superheterodyne  receiver  circuit 


FIG.  3 — Audio-output  level  and  receiver  noise  background  separately  plotted  agoinst 
input  signol  strength.  Signal-noise  performance  of  an  f-m  receiver  is  more  cleotly 
indicated  by  the  area  enclosed  between  the  curves  than  by  the  curves  considered 

separately 
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Schematic  diagram  oi  the  basic  Fremodyne  circuit 


the  basic  Fremodyne  circuit  shown 
consists  of  a  double  triode  tube,  one 
section  of  which  is  used  as  a  local 
oscillator  of  the  Colpitts  type  dis¬ 
placed  21.75  megacycles  above  (or 
below)  the  Incoming  signal  fre¬ 
quency. 

The  local  oscillator  (lower  section 
in  the  diagram)  output  is  fed  onto 
the  grid  of  the  other  triode  section 
(upper  section)  along  with  the  an¬ 
tenna  input.  This  upper  grid  cir¬ 
cuit  is  tuned  to  the  signal  fre¬ 
quency.  The  plate  tank  of  the  upper 
section  forms  a  Colpitts  oscillator 
using  Lj  and  the  two  30  fxfit  capaci¬ 
tors  tuned  to  21.75  me.  The  same 
triode  section  operates  as  a  super¬ 
heterodyne  converter  and  i-f  ampli¬ 
fier.  It  is  also  a  self-quenching 
superregenerative  detector  with  a 
quenching  frequency  in  the  region 
of  17  to  22  kc  (Hazeltine  recom¬ 
mends  a  quench  frequency  of  30 
kc)  by  virtue  of  the  150,000-ohm 
resistor  Ri  returned  to  B  plus.  By 
these  means,  the  oscillator  fre¬ 
quency  which  gives  the  strongest 


radiated  signal,  is  displaced  from 
the  carrier  frequency.  Since  the 
detector  operates  at  one  frequency, 
a  fixed  optimum  amount  of  quench 
is  easily  obtained  without  a  sepa¬ 
rate  control.  The  quench  wave¬ 
shape  is  controlled  by  a  1,500-ohm 
resistor  and  2,500  /i/if  capacitor. 


Audio  signal  is  recovered  across  a 
22,000-ohm  resistor  in  the  lead  from 
cathode  to  B  minus. 

Engineers  will  find  that  the  cir¬ 
cuit  behaves  in  every  respect  like  a 
simple  single-tube  self-quenched 
superregenerative  receiver  that 
they  may  have  used  at  one  time  or 
another  in  receiving  f-m  signals. 
As  with  conventional  a-m  detectors, 
slope  detection  of  f-m  signals  is  pos¬ 
sible  if  slight  mistuning  from  the 
center  of  the  carrier  frequency  can 
be  satisfactorily  achieved  and  the 
degradation  of  the  audio  quality 
can  be  tolerated. 

It  must  be  recognized  that  tests 
of  a  superregenerative  circuit  as 
an  f-m  receiver  are  to  some  extent 
arbitrary  insofar  as  distortion,  sig¬ 
nal-noise  ratio  and  quieting  meas¬ 
urements  are  concerned.  Tuning 
for  maximum  quieting  of  the  re¬ 
ceiver  by  an  incoming  carrier  gives 
inacceptable  audio  output  that  is 
rich  in  second-harmonic  distortion. 
As  the  receiver  is  tuned  farther 
down  one  slope  or  the  other  of  the 
detection  curve  in  order  to  obviate 
distortion  the  noise  increases.  The 
practice  adopted  during  the  tests 
was  always  to  tune  the  receiver  on 
the  high-frequency  side  of  the  in¬ 
coming  signal  at  the  optimum  point 
between  distortion  and  noise. 

Testing  Equipment 

Signal-noise  and  distortion  meas¬ 
urements  were  made  using  equip¬ 
ment  connected  as  indicated  in  the 
block  diagram  of  Fig.  1. 
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FIG.  1 — Block  diagram  of  the  testing  equipment  used  and  the  interconnections 
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rise  is,  of  course,  a  more  severe  test 
to  the  receivers  with  low  back¬ 
ground.  In  the  unmodulated  inter¬ 
ference  to  a  modulated  signal  the 
standard  was  an  arbitrary  disturb¬ 
ance  of  the  cathode-ray  pattern  of 
the  audio.  It  was  always  judged  by 
the  same  individual  over  the  short 
period  of  the  test. 

Audio  Response 

Relative  audio  response,  includ¬ 
ing  the  de-emphasis  circuit,  was 
measured  on  two  receivers,  modify¬ 
ing  the  measuring  setup  (Fig.  1) 
by  substituting  a  General  Radio 
15,000-cycle  low-pass  filter  for  the 
band-pass  filter. 

The  results,  corrected  for  the  de¬ 
emphasis  characteristic,  are  shown 
in  Fig.  5.  The  signal  input  to  both 
sets  was  1,000  microvolts  using 
1,000  cycle  tone  modulation  with 
50-kc  deviation.  Test  was  not  made 
on  set  3  because  of  hum  trouble  that 
developed.  The  tests  show  that  al¬ 
though  the  sets  have  a  fiat  audio 
output  response  from  about  100  to 
1,000  cycles,  divergence  from  uni¬ 
formity  starts  increasing  rapidly 
on  either  side  of  these  limits.  Even 
more  important,  distortion  due  to 
beating  with  the  quench  frequency 
begins  at  about  4,000  cycles  in  set 
1  and  between  6,000  and  8,000  cycles 
in  set  2,  so  that  the  flat  portions  of 
the  curves  are  the  only  useful  ones. 
The  intermodulation  effect  probably 
results  from  the  low  quench  fre¬ 
quency. 

Radiated  Signals 

Of  significance  both  to  the  set 
owner  and  to  those  receiving  signals 
in  the  same  or  adjacent  bands  is  the 
amount  of  power  radiated  by  a  re¬ 
ceiver.  The  antenna,  or  antenna 
and  ground,  terminals  of  the  Fre- 
modyne  circuit  were  connected 
through  a  10-foot  length  of  70-ohm 
coaxial  cable  to  the  antenna  termi¬ 
nals  of  a  Hallicrafters  S-27  receiver 
and  the  dials  set  to  100  me.  Then 
the  S-27  receiver  was  tuned  for 
points  of  strongest  signal  emanat¬ 
ing  from  the  receiver  under  test 
and  the  signal  strength  calibrated 
with  a  Measurements  Corp.  gener¬ 
ator.  As  might  be  expected,  the 
greatest  signal  intensity  occurred 
at  the  frequency  of  the  local  oscilla- 
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tor.  Other  wide-band  interference 
was  also  found,  peaking  at  the  fre¬ 
quencies  and  with  the  strengths 
listed  in  Table  II.  Radiated  sig¬ 
nals  of  less  than  300  microvolts  in¬ 
tensity  are  not  included.  Strong 
noise  signals  peaking  at  21.75  me 
in  a  band  over  3  me  wide  could  also 
be  picked  up  on  a  Hallicrafters  S-28 
receiver  about  10  feet  away  and  not 
physically  connected  to  the  test 
receiver. 

Qualitative  Listening  Tests 

In  the  editorial  offices  of  Elec¬ 
tronics  on  the  30th  floor  of  the 
McGraw-Hill  Building  near  Times 
Square,  it  was  found  possible  to 


pick  up  16  f-m  broadcast  stations 
using  only  the  line  cord  antenna 
used  in  Fremodyne  sets  2  and  3. 

Although  the  audio  quality  of  the 
programs  as  received  in  the  f-m 
position  is  inferior  to  that  from  a-m 
stations  carrying  the  same  mate¬ 
rial,  the  relative  freedom  from 
fluorescent  lighting,  elevator  con¬ 
tactor  and  other  noise  makes  the 
f-m  section  preferable  for  con¬ 
tinued  listening.  Cochannel  listen¬ 
ing  with  two  similar  receivers 
spaced  about  25  feet  apart  along 
corridors  is  impossible,  and  even  at 
about  100  feet  there  is  some  squeal¬ 
ing  and  hash  across  the  dial  of 
either  receiver. — A.  A.  McK. 


ELECTRONICS  — Jonuory,  1948 


strength)  as  well  as  an  increasing 
quieting  of  set  noise  with  increased 
signal.  The  horizontal  zero  axis 
represents  the  noise  in  the  absence 
of  signal  and  so  serves  merely  as  a 
reference,  except  at  the  zero-zero 
point.  Quieting  in  db  below  the 
noise  level  is  plotted  against  un¬ 
modulated  input  signal  and  can  be 
considered  the  noise  background  as 
encountered  by  the  listener. 

The  audio  level  curves  (ideally 
straight  horizontal  lines  with  the 
exception  of  a  short  positive  slope 
near  the  zero-zero  point)  are  com¬ 
puted  by  subtracting  the  quieting 
figures  in  db  from  those  represent¬ 
ing  the  signal-to-noise  ratio  at  the 
same  signal  input.  The  general 
shape  of  the  curves  is  the  same  for 
all  the  receivers  tested  and  the  three 
Fremodynes  group  fairly  closely. 
What  is  not  immediately  so  ap¬ 


parent  from  this  presentation  is  the 
rather  wide  difference  in  perform¬ 
ance  when  we  consider  not  only  the 
separate  displacements  from  the 
reference  axis,  but  the  sum  or 
spread  between  the  two  character¬ 
istics,  audio  level  and  noise  back¬ 
ground.  The  average  of  the  two 
best  Fremodynes  varies  from  26  db 
at  100  fi\  to  47  db  at  85,000  /iv  in¬ 
put,  while  the  Zenith  (set  4)  varies 
between  52  and  62  db  over  the  same 
signal  input  range. 

Inspection  of  the  signal  generator 
connection  (Fig.  1)  will  show  that 
while  the  curves  are  comparable 
among  the  receivers  for  this  test, 
the  effective  source  actually  has  an 
impedance  of  about  150  ohms  and 
voltages  of  half  the  values  shown. 
In  other  words  a  receiver  that  gives 
45  db  of  quieting  (noise  background 
scale)  at  100  microvolts  in  this  test 


Table  I — Adjacent  and  Cochannel  Interference 
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(Modulated  interference  to  unmodulated  signal  of  1,000  nv) 


Interfering  Signal  Interfering  Signal  Strength  in  iiv  (for  3db  rise 

in  background  noise) 


Set  1 

Set  2 

Set  3 

Set  4 

Set  5 

Cochannel . 

.30 

35 

25 

25 

130 

200  kc  low . 

.3,000 

20,000 

10,000 

1,000 

900 

100  kc  low . 

60,000 

100,000 

85,000 

30,000 

— 

200  kc  high . 

1.30 

180 

100 

2,500 

5,000 

100  kc  high . . 

10,000 

10,000 

30,000 

15,000 

— 

(Unmodulated  interference  to  modulated  signal  of  1,000  ^v) 
Interfering  Signal  Interfering  Signal  Strength  in  /iv  (see  text) 


Cochannel . 

15 

20 

20 

600 

200  kc  low . 

2,000 

5,000 

4,000 

10,000 

400  kc  low . 

50,000 

>100,000 

>100,000 

100,000 

200  kc  high . 

400 

250 

2,000 

2,500 

400  kc  high . 

30,000 

>100,000 

>100,000 

80,000 

200 

10,000 

>100,000 

8,000 

>100,000 


Table  II — Radiation  Interference  in  Microvolts 


i 

(Receiver  under  test  tuned  to  100  me.  Interference  frequency  j 

shown  in  left-hand  column) 

!  51-.... 

Freq. 

Set  1 

Set  2 

Set  3 

Set  4 
5,500 

Set  5 

64.3 . 

78.25 . 

30,000 

87 . 

1,000 

100 . 

2,000 

1,000 

100.5 . 

600 

101 . 

4,000 

101.6 . 

I  107.3 . 

1,000 

1  108 . 

2,. 300 

6,500 

109.5 . 

2,000 

111.1 . 

1,000 

121.8 . 

300 

1  19f> 

25,000 

20,000 

1 _ 

can  be  expected  to  give  the  same 
quieting  with  only  50  microvolts 
from  a  single  standard  signal  gen¬ 
erator  connected  to  the  receiver 
through  approximately  150  ohms. 

Percentage  distortion  for  vary¬ 
ing  signal  inputs  modulated  at  1,000 
cycles  with  50  kc  deviation  is  shown 
in  Fig.  4.  The  initial  negative 
slope  of  each  curve  represents  the 
inclusion  of  a  large  amount  of  noise 
at  low  signal  input  (owing  to  lack 
of  quieting)  and  is,  therefore,  not 
particularly  significant.  The  ex¬ 
tremely  high  distortion  encountered 
in  set  2  is,  undoubtedly,  owing  to 
the  use  of  75  kc  deviation  (at  400 
cycles)  rather  than  the  50  kc  later 
standardized  for  the  other  receiv¬ 
ers.  It  is  included  as  a  matter  of 
interest  but  should  not  be  regarded 
as  having  comparison  significance. 

Interference  Measurements 

Adjacent  and  cochannel  interfer¬ 
ence  measurements  centering  about 
90  me  are  given  in  Table  I.  It 
should  be  noted  that  tuning  of  the 
Fremodyne  receivers  was  fixed  on 
the  high-frequency  side.  Because 
of  the  off-center  tuning  the  results 
of  the  high  and  low  adjacent  chan¬ 
nel  interference  are  not  comparable. 
The  test  setup  used  is  that  of  Fig. 
1.  The  modulating  signal  was,  with 
the  exception  of  set  2,  1,000  cycles 
at  50  kc  deviation.  Set  2  was  tested 
against  400-cycle  modulation  at  75- 
kc  deviation.  Despite  this  fact, 
there  is  a  good  correspondence  in 
the  order  of  magnitude  of  the 
results. 

In  the  conventional  receivers  an 
interfering  signal  when  increased 
beyond  a  certain  point  “captures” 
the  receiver,  whereas  in  the  Fre¬ 
modyne  there  is  merely  an  increase 
in  the  interference.  For  instance, 
cochannel  interference  of  a  modu¬ 
lated  signal  was  noticed  in  set  4  at 
600  microvolts,  but  when  the  inter¬ 
fering  signal  was  increased  to  1,000 
microvolts  the  desired  signal  was 
obliterated  and  the  receiver  was 
completely  captured  by  the  inter¬ 
fering  signal. 

When  the  desired  signal  was  un¬ 
modulated  and  the  interfering  sig¬ 
nal  modulated,  the  criterion  of 
interference  was  a  3  db  rise  in  the 
background  noise.  This  amount  of 
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WORK 


Ultrasonic  Thickness  Gage 


Thickness  of  empty  or  full  pipes  and  tanks,  or  metal  sheets,  is  quickly  measured  to  1 
percent  accuracy.  A  frequency-modulated  oscillator  provides  an  audible  indication  of 
plate  current  peaks  when  the  oscillator  is  tuned  to  fundamental  or  harmonic  thickness 
resonance  with  material  under  test.  Indicating  dial  shows  steel  thickness  directly 


Complete  nondeatructiTe 
thickness  gage,  with  indi¬ 
cating  headphones  and 
crystal  transducer  probe 


By  NORMAN  G.  BRANSON 

Chief  Engineer 
Branson  Instruments,  Inc. 
Danbury,  Conn. 
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MATERIAL  UADER  TEST 


The  use  of  ultrasonic  vibra¬ 
tions  for  nondestructive  thick¬ 
ness  measurement  and  flaw  detec¬ 
tion  received  an  impetus  during  the 
war  years  that  has  resulted  in  de¬ 
velopment  of  practical  equipment  of 
great  importance  to  industry.  All 
of  these  commercial  devices  employ 
electronic  means  of  generating  the 
ultrasonic  signal  and  detecting 
changes  in  its  transmission  or  re¬ 
flection  within  the  material  under 
observation.  The  reflection  may  be 


FREQUENCY  CCM7S0L 


T  RESONANCE  INDICATOR 


FIG.  1 — RepreMutative  standing-wave  pat-  FIG.  2 — Basic  circuit  ior  a  variable-Ire- 
terns  ol  ultrasonic  vibrations  in  material  quency  ultrasonic  thickness  tester 


from  the  far  side  or  from  a  flaw. 

The  Audigage,  to  be  described, 
differs  somewhat  from  other  thick¬ 
ness-measuring  equipment.  It  may 
be  conveniently  thought  of  as  a 
device  for  setting  a  metal  sheet  or 
wall  into  thickness  vibration,  pro¬ 
vided  with  a  means  of  detecting  the 
frequency  of  resonance  from  which 
the  thickness  of  the  known  material 
can  be  determined.  Operationally, 
it  is  unique  in  being  portable  and  in 
using  an  audible  signal  to  indicate 
resonance. 

The  instrument  was  designed 
primarily  to  be  used  in  connection 
with  thickness  determination  of 
tanks,  pipes,  process  vessels,  and 
other  structures  that  may  be  read¬ 
ily  accessible  from  only  one  side. 
It  will  quickly  and  reliably  provide 
information  that  might  otherwise 
have  to  be  obtained  by  drilling  into 
the  wall  and  measuring  its  thick¬ 
ness.  In  other  applications  the 


where  fi  =  fre«|uency  in  cycles  per  second 

c  =  velocity  of  sound  in  the  materia 
in  inches  per  second 

t  =  thickness  in  inches 

Thickness  resonance  occurs 
also  at  all  harmonics  of  the 
fundamental  frequency  such  as 
/,  1=  2/„  /.  =  3/.  .  .  .  =  nU 

The  frequency  difference  between 
two  adjacent  harmonics  is  numeri¬ 
cally  equal  to  the  fundamental  fre¬ 
quency.  When  the  fundamental 
frequency  is  known,  the  thickness 
can  then  be  determined  from  the 
equation  t  =  c/2/i. 

When  two  adjacent  harmonics 
are  known,  the  equation  used  is 


Thickneai  gage  being  used  to  check  condition  of  filled  gasoline  tank  and  outlet  pipe  ness  readings. 

In  the  case  of  nonparallelism  be¬ 
tween  an  inner  and  outer  surface, 
reduction  of  the  crystal  area  may 
provide  better  results.  For  a  crys¬ 
tal  with  sides  0.5  inch  by  0.5  inch, 
operating  at  a  fre<^uency  of  one 
megacycle,  a  change  in  thickness  of 
0.2  inch  in  the  thickness  direction 
for  each  inch  in  the  plane  of  the 
work  will  be  the  maximum  slope 
that  can  be  measured.  If  the  slope 
is  in  excess  of  this  amount  the 
thickness  indications  will  overlap. 
This  means  that  a  first-harmonic 
resonance  condition  for  the  small¬ 
est  thickness  component  under  the 
crystal  will  occur  at  the  same  fre¬ 
quency  which  will  produce  a  second 
harmonic  resonance  condition  for 
the  largest  thickness  component 
under  the  crystal. 

The  maximum  slope  which  can  be 
measured  is  expre.ssed  approxi- 
Fundamental  and  Harmonic  Operation  mately  by  the  formula 


use  of  the  instrument  will  save 
costly  dismantling  of  equipment  for 
inspection.  If  temperatures  are 
not  excessive,  thickness  measure¬ 
ments  can  often  be  made  without 
the  necessity  of  shutting  down 
operations. 


p  =  density  in  grams  per  cu  cm 
m  =  Poisson’s  ratio 

In  the  second  place,  sound  waves 
are  reflected  by  surfaces  separating 
two  areas  such  as  metal  and  water 
that  have  different  acoustical  im¬ 
pedances.  Standing  waves  can  be 
set  up  within  the  wall  of  a  pipe,  or 
within  a  metal  plate,  just  as  stand¬ 
ing  waves  are  set  up  within  the  air 
column  of  an  organ  pipe,  as  shown 
in  Fig.  1.  The  frequency  of  the 
standing  waves  depends  upon  the 
thickness  of  the  material  and  the 
velocity  of  sound  in  the  material, 
just  as  the  frequency  of  the  organ 
pipe  depends  upon  its  length  and 
the  velocity  of  sound  in  air. 


Phytkol  Principles 

The  ultrasonic  resonance  prin¬ 
ciple  of  thickness  measurement  de¬ 
pends  upon  two  fundamental  char¬ 
acteristics  of  sound  waves.  First, 
they  travel  through  metal  at  a 
velocity  that  is  a  function  of  its 
density  and  of  its  elastic  constants.^ 
This  velocity  is  not  appreciably  in¬ 
fluenced  by  small  variations  in 
temperature.  The  relationship  is 
expressed 


The  fundamental  frequency  at 
which  thickness  resonance  vibra¬ 
tion  will  be  produced  is  given  by  the 
relation 


V  />  (1  -f  m)  (1  —  2m)/ 

velocity  of  longitudinal  waves 
in  cm  per  sec 

Young’s  modulus'in'dynes'per 
sq  cm 


where  m  =  maximum  slope  in  inches 
inch 


maximum  ultrasonic  frequency 
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the  container  can  be  measured  ac¬ 
curately  even  though  a  liquid  is  in 
intimate  contact  with  one  surface. 
Since  some  of  the  ultrasonic  energy 
will  enter  the  liquid  there  may  be  a 
weak  thickness  indication  ov/ing  to 
the  resonance  of  the  wave  in  the 
total  distance  through  the  liquid 
in  the  container.  This  phenomenon 
will  have  an  effect  upon  the  char¬ 
acter  or  pitch  of  the  audible  sound 
obtained  because  of  thickness  res¬ 
onance  of  the  container  wall,  and 
thus  provide  the  experienced  opera¬ 
tor  with  useful  information  on  the 
condition  of  the  inaccessible  sur¬ 
face. 

By  using  acoustic  indications,  ad¬ 
vantage  is  taken  of  the  fact  that  the 
ear  is  much  faster  in  response  than 
a  sensitive  d-c  instrument  which 
would  otherwise  constitute  the 
simplest  indicator.  In  addition,  an 
operator  is  free  to  use  his  eyes  for 
other  duties  such  as  reading  the 
thickness  dial  or  insuring  proper 
placement  of  the  transducer 
probe.** 

Electronic  Principles 

The  instrument  under  discussion 
performs  two  functions — the  trans¬ 
mission  of  sound  waves  of  varying 


used  for  the  thickness  measure¬ 
ment 

I  ■■  dimension  of  the  crystal  in  the 
direction  of  changing  slope 

In  the  case  of  pitting  caused  by 
corrosion  the  results  that  can  be 
expected  are  not  so  easy  to  predict 
because  the  area  at  the  bottom  of  a 
pit  may  be  small  or  large  depending 
upon  the  type  of  corrosion.  If  the 
area  at  the  bottom  of  a  pit  is  about 
equal  to  the  crystal  area,  or  larger, 
it  will  be  possible  to  measure  the 
minimum  wall  thickness.  The  worst 
possible  condition  can  be  obtained 
by  machining  rows  of  sharp  edged 
V-shaped  grooves  in  a  flat  plate. 
The  maximum  peak-to-valley  depth 
of  groove  in  the  reflecting  surface 
for  which  thickness  readings  can  be 
obtained  is  expressed  approxi¬ 
mately  by  the  formula 


d  peak-to-valley  depth  of  grooves  in 
inches 

/  =>  nuuiimum  ultrasonic  frequency  used 
for  the  thickness  measurements. 

Corrosion  and  erosion  will  usu¬ 
ally  produce  a  relatively  uniform 
thinning  over  a  given  small  area 
which  is  included  in  any  one  thick¬ 
ness  reading.  For  example,  one 


side  of  a  pipe  will  often  corrode  or 
erode  much  faster  than  the  opposite 
side.  However,  the  variation  in 
thickness  will  be  small  within  any 
small  area.  Therefore,  thickness 
readings  can  be  made  at  points 
around  the  circumference  and  local 
thinning  will  be  detected. 

For  materials  of  uniform  thick¬ 
ness,  it  is  possible  to  obtain  accur¬ 
acies  of  better  than  one  percent. 
In  applications  where  it  is  neces¬ 
sary  to  measure  corroded  materials 
an  accuracy  of  2  to  5  percent  can 
normally  be  expected. 

Materials  such  as  scale,  coke,  and 
other  deposits  that  may  form  on  an 
inner  surface  of  a  tank  or  pipe  are 
poor  conductors  of  ultrasonic 
waves.  Therefore,  it  is  possible  to 
measure  the  true  wall  thickness  of 
a  tank  without  introducing  errors 
owing  to  other  materials  which  may 
be  in  contact  with  one  surface. 
Most  liquids  are  good  conductors  of 
ultrasonic  waves.  However,  the 
acoustic  properties  of  liquids  will 
ordinarily  differ  considerably  from 
the  wall  of  the  container.  There¬ 
fore  a  large  part  of  the  ultrasonic 
energy  will  be  reflected  at  the 
boundary  of  the  liquid  and  the  con¬ 
tainer  wall.  The  wall  thickness  of 
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FIG.  4 — Approximate  representation  of  the  audible  indication  resulting  when  a  fre¬ 
quency-modulated  ultrasonic  wave  is  tuned  to  resonance  with  material  tmder  test 


i 

frequencies  into  the  material  and 
the  detection  of  the  presence  of 
standing  waves.  The  principles 
j  underlying  the  development  are 
those  used  in  the  Sonigage*  of  the 
General  Motors  Research  Labora¬ 
tory. 

A  basic  circuit,  shown  in  Fig.  2, 
comprises  a  variable-frequency 
self-excited  oscillator  that  gener¬ 
ates  an  alternating  voltage  which  is 
I  applied  to  an  X-cut  quartz  crystal. 

1  When  the  crystal  is  held  against  the 
'  material  to  be  tested,  with  a  film  of 
\  oil  or  other  suitable  coupling  fluid 
I  between  the  crystal  and  the  work, 
an  ultrasonic  wave  is  transmitted 
into  the  material.  If  the  oscillator 
,  is  tuned  to  a  frequency  that  is  an 
'  integral  multiple  of  the  funda¬ 
mental  frequency  of  the  wave  in  the 
thickness  of  the  material,  there  will 
j  be  a  sharp  increase  in  the  ampli- 
!  tude  of  the  vibration  in  the  part  of 
I  the  wall  directly  under  the  crystal. 

:  This  is  a  resonant  condition  and 
{  because  of  the  internal  damping  in 
j  the  material  there  will  be  an  in- 
I  crease  in  the  energy  dissipated.  The 
effect  on  the  oscillator  is  the  same 
as  adding  a  resistive  component 
across  the  LC  circuit. 

An  increase  in  the  oscillator  plate 
I  current  results.  This  increase, 
which  may  vary  between  a  few  per¬ 
cent  and  25  percent,  is  detected  by 
the  instrument.  The  oscillator  fre- 
;  quency  at  which  the  increase  occurs 
is  read  on  a  calibrated  scale. 

!  Several  methods  can  be  used  to 
indicate  the  increase  in  the  plate 
i  current  due  to  thickness  resonance. 


The  simplest  means  is  a  sensitive 
d-c  instrument  in  the  oscillator 
plate  circuit.  Such  an  instrument 
is,  however,  inherently  slow  in  re¬ 
sponse.  To  insure  that  all  thick¬ 
ness  indications  are  observed  it 
would  be  necessary  to  tune  over 
the  frequency  range  slowly  while 
carefully  watching  the  instrument 
pointer.  The  circuit  actually  used, 
shown  in  Fig.  3  is  only  slightly 
more  complex  and  provides  several 
desirable  features.  The  oscillator 
that  drives  the  crystal  is  frequency- 
modulated  over  a  small  increment 
at  an  audio-frequency  rate.  When 
a  thickness  resonance  is  located 
within  the  modulated  frequency 
range  a  current  oscillating  at  an 
audio-frequency  rate  is  flowing 
through  the  input  resistor  R,  of  the 
amplifier.  This  signal  is  amplified 
to  provide  an  audible  indication  by 
means  of  a  set  of  headphones.  An 
approximate  graphical  presentation 
of  this  effect  is  shown  in  Fig.  4. 

The  oscillator,  frequency  modula¬ 
tor  and  amplifier,  powered  by  small 
batteries  are  all  contained  in  a 
case  and  weigh  less  than  10  pounds. 
The  frequency  range  was  deter¬ 
mined  by  the  thickness  range  and 
by  the  material  to  be  measured.  A 
range  from  0.125  inch  to  12  inches 
on  steel  was  selected ;  the  corre¬ 
sponding  frequency  range  is  1.4  to 
2.8  megacycles.  The  graph  in  Fig. 
5  shows  how  the  instrument  is 
used  to  measure  at  harmonic  fre¬ 
quencies. 

The  X-cut  quartz  crystal  is 
cemented  to  a  plastic  holder  and 


FIG.  5 — Harmonic  resonance  chart,  used 
when  thickness  is  approximately  known 


connected  to  the  instrument  by  a 
flexible  coaxial  cable.  The  crystal 
is  ground  to  a  natural  frequency 
that  is  somewhat  higher  than  the 
maximum  frequency  generated  by 
the  oscillator  in  order  to  avoid 
resonance  effects. 

The  area  of  the  crystal  is  deter¬ 
mined  by  the  lowest  applied  fre¬ 
quency.  The  crystal  dimensions 
perpendicular  to  the  X-axis  should 
be  equivalent  to  several  wave¬ 
lengths  of  the  ultrasonic  wave  in 
the  material  to  be  measured.  This 
dimensioning  is  necessary  to  pro¬ 
duce  a  beam  of  ultrasound  with  the 
required  directional  properties. 
Crystals  with  a  0.25-square  inch 
area  have  been  used  satisfactorily 
at  one  megacycle,  where  the  crystal 
dimensions  are  equal  to  about  two 
wavelengths  of  the  wave  in  steel. 
Better  sensitivity  and  sharper  indi¬ 
cations  are  obtained  if  crystal  di¬ 
mensions  of  five  or  six  wavelengths 
can  be  used.  In  practice,  a  size  of 
one  inch  square  has  generally  been 
found  satisfactory. 
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FIELD  TESTS  for 


Experimental  units  developed  for  field  testing  the  Citizens  Radio  Service  are  described 
A  simple  equation,  for  calculating  the  expected  coverage  of  two-way  systems  having  vari¬ 
ous  characteristics,  was  experimentally  checked  with  this  equipment 


R.  E.  SAMUELSON 

The  Hallicraftera  Company 
Chioago,  Illinois 


The  subject  of  ultra-high-fre¬ 
quency  radio  propagation  has 
been  covered  in  the  technical 
literature,  and  has  recently  been 
summarized/  In  considering  the 
performance  of  Citizens  Radio  sys-  From  the  power  limitations,  the 
terns,*  the  theory  can  be  reduced  to  nature  of  the  service,  and  analysis 
a  simple  semiempirical  formulation  of  the  more  common  expected  appli- 
which  gives  results  of  practical  use-  cations,  we  can  make  the  following 
fulness.  assumptions  or  restrictions: 


■Dirsctional  cmtvnno.  power  pack,  and  transmitter-recoiTor  of  the  two-watt 
exporimontal  station  for  465  me 

All  computations  can  be  made  at 
465  megacycles. 

Power  will  be  of  the  order  of  10 
to  25  watts  for  class  A  fixed  sta¬ 
tions,  1  to  5  watts  for  mobile 
stations,  0.1  to  1  watt  for  semi¬ 
portable  stations,  and  10  to  50 
milliwatts  for  personal  sets. 

Antenna  heights  will  usually  be 
small  compared  to  the  distance  cov¬ 
ered,  so  conditions  approaching  free 
space  transmission  will  seldom  be 
encountered.  This  will  be  especially 
true  for  mobile  and  portable  sets. 
(Exceptions  would  include  use  in 
aircraft.) 

The  combination  of  low  power 
and  low  antennas  should  result  in  a 
reduced  range  such  that  corrections 
for  earth  curvature  would  be  minor. 
The  problem  is  complicated  by  the 
greater  probability  of  intervening 
man-made  obstacles  or  vegetation 
between  low  antennas.  One  can  at 
best  introduce  an  empirical  correc¬ 
tion  to  include  the  resulting  attenu¬ 
ation  to  the  correct  order  of  magni¬ 
tude. 


PLOT  OF  FUNCTION  A 
A*40L0G^+“^+b 
FOR  b  -0 


mu] 


5,000 


MILES  AT  465  MEGACYCLE: 


From  a  paper  presented  at  the  1947 
National  Electronics  Conference  in  Chi- 
caKo. 


FIG.  1 — CoTTM  plotted  for  two  forms  of  the  propagation  equation.  Values  can  be 

taken  from  the  curTOs 
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CITIZENS  BAND 


FIG.  3 — Construction  ol  linos  in  tlio  two> 
wortt  ploto-moduloted  oocillotor 


Tm,  Ra  ~  Transmitting  and  receiv^  an¬ 
tenna  gains  in  direction  of 
transmission,  expressed  in  db 
over  an  isotropic  radiator. 

T.,  R,  ^  Coupling  and  mismatch  loos 
between  equipment  and  antenna 
in  db. 

With  the  exception  of  the  two 
attenuation  terms  involving  con¬ 
stants  a  and  b,  the  propagation 
equation  follows  directly  from  the 
commonly  used  approximation  for 
transmission  over  a  plane  earth. 

Constonts 

The  attenuation  constants  a  and 
b  as  used  here  do  not  have  direct 
theoretical  justification.  In  fact, 
the  dimension  of  c  in  decibels/dis¬ 
tance  in  wavelengths  is  chosen 
purely  for  convenience  in  plotting 
curves  to  a  single  ordinate.  Their 
use,  if  included  in  calculations, 
must  be  governed  by  a  certain 
amount  of  common  sense  and  ex¬ 
perience.  Since  they  are  each  in¬ 
tended  to  correct  for  a  different 
class  of  conditions,  only  one  or  the 
other  will  ordinarily  be  used  in  a 
given  calculation. 

The  constant  a  is  introduced  to 
indicate  the  order  of  attenuation 
produced  by  a  more  or  less  uniform 
distribution  of  buildings  or  vegeta¬ 
tion  between  low  antennas.  At  465 
megacycles,  certain  ranges  of  values 
for  a  have  been  determined  which 
give  good  results.  In  perfectly  flat 
open  country,  it  may  be  neglected. 
In  ordinary  open  country  with  scat¬ 
tered  vegetation,  a  value  of  0.0005 
db/wavelength  gives  good  results 
out  to  about  15  miles,  indicating 
that  earth  curvature  effects  are  also 
partially  compensated.  In  dense 
woods,  values  between  0.04  and  0.08 
db/wavelength  may  be  used.  In 
downtown  sections  of  cities  or  in 
industrial  plants,  where  communi¬ 
cation  directly  through  large  struc¬ 
tures  is  attempted,  the  average 
attenuation  will  be  found  to  be  be- 


FIG.  4 — Superregenerative  receiver  and  audio  amplifier-modulator 


In  the  above  equation 

T  =  Transmitting  station  gain  factor 

in  db. 

R  =  Receiving  station  gain  factor  in  db. 
hi,  ht  =  Heights  of  transmitting  and 
receiving  antennas  respectively, 
above  ground  or  reference  plane. 
X  a  Wavelength  in  free  space,  in  same 
units  as  hi  and  ht.  (At  465  me, 
X  =  2.12  feet) 

a  ^  Empirical  attenuation  constant. 

6  =  Empirical  attenuation  constant. 

d  =  Maximum  useful  communication 

range,  in  same  units  as  hi,  ht, 
and  X. 


By  expressing  the  contribution  of 
each  element  of  the  system  as  a  gain 
or  loss  in  decibels,  maximum  con¬ 
venience  is  achieved.  When  all  ele¬ 
ments  including  transmitter  and  re¬ 
ceiver  are  considered,  the  sum  of 
all  such  contributions  will  total  zero 
at  the  maximum  distance  of  intel¬ 
ligible  communication.  This  maxi¬ 
mum  distance  w’ill  be  taken  as  the 
measure  of  performance  of  the  sys¬ 
tem. 


The  station  gain  factors  are  computed  as 
follows: 

T  =  r,  -I-  r,  -  jr, 

R  =  ffr  +  ft.  -  R. 

where 

T  =  Transmitter  carrier  power  out¬ 
put,  in  db  above  one  watt, 
ft  =  Receiver  power  sensitivity  for  a 
10-db  signal  to  noise  ratio,  in  db 
below  one  watt.  (Measured  at 
modulation  level  normally  used 
in  transmitter.) 


Useful  Equation 

With  the  above  assumptions,  one 
can  arrive  at  the  following  semi- 
empirical  expression : 
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FIG.  5 — Mld9*t  r«c*lT*r  with  Mparot*  quench  oscillator  to  proTide  square  pulses  to 

the  detector  qrid 


FIG.  6 — Closeup  of  early  receieer  using 
miniature  tubes 


tween  0.2  and  0.4  db  per  wave- 
lengrth. 

The  constant  b  serves  an  entirely 
different  purpose.  Consider  the 
case  where  one  antenna  is  located 
above  surrounding  buildings,  and 
the  other  near  street  level  some  dis¬ 
tance  away.  Normal  optical  trans¬ 
mission  will  occur  from  the  ele¬ 
vated  antenna  over  the  tops  of  the 
buildings  to  the  vicinity  of  the  re¬ 
ceiving  antenna.  Here,  random 
reflections  will  transfer  a  certain 
amount  of  signal  energy  down  to 
street  level,  but  with  a  loss  of  any¬ 
where  up  to  about  30  db.  Under 
these  conditions,  one  can  obtain  a 
first  approximation  by  using  a  value 
for  b  of  about  15  db.  Other  cases 
may  arise  where  some  obstacle  in¬ 
troduces  a  fixed  attenuation  of 
known  order  of  magnitude. 

Unpredictable  effects  of  consid¬ 
erable  magnitude  will  be  encoun¬ 
tered.  At  distances  well  within  the 
maximum  range,  variations  in  sig¬ 
nal  level  of  20  or  30  db  will  not  seri¬ 
ously  impair  communications,  but 
at  greater  distances  such  variations 
may  represent  the  difference  be¬ 
tween  intelligibility  and  complete 
absence  of  audible  signal.  Shadow 
effects  from  large  solid  structures 
in  the  line  of  sight,  or  standing- 
wave  patterns  set  up  by  reflecting 
surfaces,  can  cause  just  such  varia¬ 
tions,  and  it  is  necessary  to  move 
the  antenna  to  a  position  of  best 
signal  strength.  In  some  cases  a 
movement  of  one  or  two  feet  is 
sufficient,  indicating  that  a  single 
antenna  should  be  used  for  both 


transmitting  and  receiving  to  in-  tenna  as  a  field  accessory  for  port- 
sure  reciprocity.  able  use  is  obvious.  The  tables  do 

For  convenience,  the  first  two  not  apply  to  the  downtown  sections 
terms  on  the  right  of  the  propaga-  of  large  cities,  where  results  are  so, 
tion  equation  are  plotted  in  Fig.  1.  variable  as  to  preclude  any  useful 

interpretation.  Communication  may 
be  good  between  low-power  portable 
To  illustrate  the  method,  and  sets  for  a  few  blocks  if  they  are  in 
indicate  what  can  be  expected  from  direct  optical  view  of  each  other ; 
typical  Citizens  Radio  systems,  con-  but  where  buildings  intervene,  the 
sider  combinations  of  the  following  attenuation  will  be  very  great, 
equipments :  Numerous  weak  signal  areas  due  to 

Transmitter  1,  personal :  30  milli-  reflections  and  shadows  are  very 
watts  power,  r,  =  —15  db.  annoying  to  an  operator;  conse- 

Transmitter  2,  portable-mobile:  quently,  one  could  hardly  expect 
1  watt  power,  T,  =  0  db.  operation  in  such  areas  to  be  of 

Transmitter  3,  fixed :  15  watts  value  to  the  general  public, 
power,  T,  =  12  db.  This  statement  may  be  modified 

Receiver :  7  microvolts  sensitivity  somewhat  in  the  case  of  certain 
at  50  ohms  impedance,  Rr  =  120  db.  special  applications.  The  points  of 
Non-directional  antenna,  simple  weak  signal  due  to  multiple  reflec- 
half-wave  dipole  =  Gain  +2  db.  tions  from  surrounding  structures 
Directional  antenna,  dipole  with  seldom  have  anything  approaching 
90-degree  comer  reflector  =  Gain  a  complete  null.  Rather,  a  signal 
4-12  db.  from  a  low-power  portable  trans- 

Antennas  for  the  first  two  trans-  mitter,  radiated  from  an  antenna 
mitters  are  3.2  wavelengths  (7  feet)  which  may  be  unfavorably  placed, 
above  ground,  or  a  height  gain  of  will  at  a  short  distance  become  so 
20  log  3.2  =  10  db.  The  antenna  for  weak  that  standing  wave  variations 
the  fixed  transmitter  is  75  feet  may  take  it  down  below  the  receiver 
above  ground,  giving  a  gain  of  30  noise  level.  Where  a  more  powerful 
db,  which  is  partially  offset  by  a  transmitter  with  a  favorably  placed 
3-db  coaxial  cable  loss.  antenna  can  be  used,  as  in  the  case 

Figures  of  performance  in  terms  of  multiple  address  or  paging  sys- 
of  maximum  useful  distance  are  terns,  one  will  find  most  of  the  im- 
tabulated  in  the  accompanying  mediately  surrounding  territory 
tables  for  various  combinations  of  filled  up  with  signal, 
units.  Values  of  a  are  0.0005  for 
open  country,  and  0.04  for  dense 
woods.  Values  in  parenthesis  are  In  one  test,  a  transmitting  an- 
the  average  of  experimental  data,  tenna  was  located  about  50  feet 
The  value  of  a  directional  an-  above  the  street  on  a  long  support 


Effect  of  Obstacles 
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projecting  from  a  window.  I'he  an¬ 
tenna  was  about  25  feet  below  the 
average  roof  level  of  surrounding 
buildings.  Power  was  about  0.2 
watt.  Intelligible  signals  could  be 
heard  on  the  same  street  for  about 
a  half  mile  in  either  direction,  but 
as  soon  as  a  comer  was  turned 
even  one  block  away,  the  signal  dis¬ 
appeared. 

High  Antenna 

In  another  series  of  tests  at  a 
different  location,  about  10  watts  of 
signal  were  fed  to  a  directional  an¬ 
tenna  mounted  on  top  of  a  75-foot 
tower.  The  antenna,  a  dipole  with 
a  90-degree  comer  reflector,  is 
mounted  on  a  rotatable  platform, 
and  is  high  above  immediately  sur¬ 
rounding  structures.  The  sur¬ 
rounding  area  is  densely  built  up 
with  brick  homes,  apartment  build¬ 
ings  and  light  industrial  plants, 
most  of  which  are  two  or  three 
stories  in  height.  A  receiver  and 
a  1-watt  transmitter  were  mounted 
in  a  car  having  a  quarter-wave 
vertical  antenna  on  the  roof. 

In  driving  away  from  the  fixed 
station  following  an  arbitrary  route 
along  the  streets,  one  is  out  of 
direct  view  of  the  tower  most  of 
the  time.  In  certain  general  di¬ 
rections,  an  intelligible  signal  is 
received  up  to  about  7  miles,  with 
only  minor  occurrence  of  dead  spots. 
Within  about  three  miles,  no  notice¬ 
able  loss  of  intelligibility  is  found 
under  streetcar  wires,  bridges  or 
the  elevated  structure.  At  one  point 
about  a  mile  south  of  the  tower, 
signals  can  be  understood  in  the 
center  of  a  300-foot  long  steel  via¬ 
duct  under  a  railroad  yard. 

A  summary  of  field  tests  shows 
that  coverage  is  nearly  complete 
within  about  a  three-mile  radius. 
Beyond  this  radius,  coverage  to  a 
car  is  good  to  about  a  7-miIe  radius 
except  where  one  is  anywhere  in 
the  shadow  of  a  tall  and  bulky 
structure  such  as  a  gas  storage  tank 
to  the  southwest.  Beyond  the  7- 
mile  radius,  reception  is  generally 
poor  or  non-existent  except  for 
line-of-sight. 

These  results  will  not  be  dupli¬ 
cated  in  downtown  areas,  but  they 
do  indicate  that  substantially  com¬ 
plete  coverage  of  industrial  proper¬ 


ties  or  large  public  gatherings  for 
paging  purposes  can  be  accom¬ 
plished  with  a  suitable  transmitter 
and  antenna. 

In  rural  areas  where  the  ground 
is  fairly  level,  much  less  variation 
from  the  predicted  performance  is 
found.  It  is  in  such  areas,  or  in 
smaller  towns,  where  Citizens  Radio 
should  find  its  chief  application. 
Any  particular  combination  of 
equipment  will  have  its  own  maxi¬ 
mum  expected  range  of  communi¬ 
cation,  but  at  distances  within  that 
particular  range,  reliable  communi¬ 
cation  should  be  expected. 

Farmers,  rknchers  and  various 
types  of  field  parties  should  find 
many  uses.  Hunters  will  find  their 
use  of  Citizens  Radio  somewhat  re¬ 
stricted  because  of  the  high  attenu¬ 
ation  of  dense  woods,  but  on  the 
other  hand,  lake  fishermen  or 
yachtsmen  will  obtain  good  results. 
The  performance  in  hilly  or  moun¬ 
tainous  country  has  not  been  di¬ 
rectly  investigated. 

Figure  2  shows  a  transmitter-re¬ 
ceiver  combination  which  may  be 
operated  from  a  six-volt  storage 
battery  or  from  an  a-c  power  sup¬ 


ply.  The  transmitter  consists  of  a 
plate-modulated  oscillator  using  a 
type  6F4  acorn  triode  in  the  center 
of  an  effective  half-wave  line  with 
both  ends  short  circuited.  A  power 
output  of  two  watts  is  obtainable 
with  better  than  50  percent  plate 
efficiency.  By  reducing  plate  volt¬ 
age,  power  outputs  of  one-half  watt 
or  one  watt  may  be  selected. 

The  receiver  is  a  self-quenched 
superregenerative  detector  with  an 
input  sensitivity  of  7  microvolts  for 
a  10-db  signal-to-noise  ratio.  Input 
coupling  was  adjusted  for  maximum 
performance  when  the  source  had 
an  impedance  of  50  ohms.  The  re¬ 
ceiver  tube  is  a  Raytheon  605-A 
miniature  triode. 

A  common  audio-frequency  am¬ 
plifier  is  used  for  both  transmitter 
and  receiver.  Tuned  circuits  con¬ 
sist  of  short-circuited  sections  of 
two-wire  transmission  lines.  Inter¬ 
connection  cables  at  radio  frequency 
are  tyi)e  RG-8/U  coaxial  line  with 
type  N  fittings.  Figures  3  and  4 
show  views  of  the  transmitter-re¬ 
ceiver  unit. 

Figure  5  shows  a  midget  battery- 
operated  receiver  used  in  tests  re- 


Table  I — ^Two  Personal  Sets 


Range  in  Miles 

Antenna  Type  Total  Gain  Open  Country  Dense  Woods 


Nondirectional .  129  db  0.6(0. 5)  0.2(0.15) 

Directional .  149  db  2.0  0.3 


Table  II — Two  Portable-Mobile  Stations 
with  Type  2  Transmitters  (1  Watt) 


Range  in  Miles 

Antenna  Type 

Total  Gain 

Open  Country 

Dense  Woods 

Nondirectional . 

144  db 

1.5 

0.25 

fOne  Directional . 

\One  Nondirectional _ 

•J  154  db 

2.6  (2.8) 

0.35(0.4) 

Directional . 

164  db 

4.0 

0.43 

Table  III — Between  Type  3  Transmitter  with  75-Foot  ICgh  Directional 
Antenna,  and  Mobile  Installation  with  Type  2  Transmitter 
and  Nondirectional  Antenna 


Direction  of  Range  in  Miles 

Transmission  Open  Country  tCity  Streets 


To  Car .  183  8.5  (8-12)  6  (3-7) 

From  Car .  171  5.0  3  (1.5  to  4) 


t  Calculated  with  a  =  0,  6  =-  15  db. 
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operated  above  an  equivalent 
ground  plane  of  six  radial  elements. 
The  other  is  a  90-degree  corner  re¬ 
flector  antenna  with  a  gain  in  the 
forward  direction  of  12  db  over  an 
isotropic  radiator. 

Receiver  sensitivity  and  other 
measurements  requiring  a  signal 
generator  were  made  with  a  Meas¬ 
urements  Corp.,  model  84  signal 
generator.  Frequency  measure¬ 
ments  were  made  with  a  General 
Radio  model  720-A  uhf  frequency 
meter.  Measurements  of  power  be¬ 
low  1  watt  were  made  with  Sylvania 
type  PM-8  and  PM-9  power  measur¬ 
ing  lamps,  and  above  1  watt  with  a 
Radio  Research  Laboratory  type 
532-B  wattmeter  which  has  for  a 
terminating  load  impedance  a 
length  of  50-ohm  lossy  coaxial  cable. 

Conclusions 

A  considerable  amount  of  work 
must'  yet  be  done  before  finished 
sets  in  commercial  form  are  ready 
to  be, offered  to  the  public.  It  has 
been  demonstrated,  however,  that 
simple  and  compact  equipment  can 
be  built  using  existing  techniques 
and  available  components.  Citizens 
radio  transmitter-receivers  for 
fixed,  mobile  or  portable  use,  draw¬ 
ing  their  power  from  storage  bat¬ 
teries  or  a-c  sources,  can  be  built 
into  convenient  packages  and  will 
render  a  useful  service.  Dry  bat¬ 
tery  operated  sets  of  the  hand  car¬ 
ried  or  pocket  types  are  also  com¬ 
mercially  practical  for  uses  allowed 
by  their  limited  range,  and  as  Cledo 
Brunetti  of  the  National  Bureau  of 
Standards  has  demonstrated,  the 
limit  of  small  size  has  not  been 
reached. 

The  writer  wishes  to  thank  Nel¬ 
son  P.  Case,  chief  engineer,  and 
Harold  Rensch,  both  of  The  Halli- 
crafters  Company,  for  their  active 
assistance  and  participation  in  the 
development  and  experimental  work 
which  is  being  carried  on.  Ac¬ 
knowledgment  is  also  due  to  R.  E. 
Beam  of  Northwestern  University, 
for  suggestions  and  help  in  complet¬ 
ing  a  thesis  project  which  formed  a 
part  of  this  work. 


fig.  7 — FruqnuncF  multiplication  ol  48  is  accomplishud  in  ioui-tubo  transmitior 


beir 
serv 
taxi 
clan 
mon 
sibl< 
ice  t 


new 

thou 

simi 

able 

the 

catei 

tical 


FIG.  8 — Final  doublor  stag*  of  tho  crystol-contiollod  transmitter  shown  in  Fig.  7 

Figure  7  shows  an  exterior  view 
of  a  crystal-controlled  transmitter 
(radio-frequency  section  only)  hav¬ 
ing  an  output  of  one-half  watt  at 
465  me.  A  multiplication  factor  of 
48  times  from  the  crystal  frequency 
is  accomplished  in  four  tubes.  The 
fourth  tube,  a  6F4  triode,  is 
mounted  in  the  quarter-wave  coax¬ 
ial  cavity  shown  in  Fig.  8,  and  acts 
as  a  doubler. 

The  antennas  used  for  both  dry- 
battery  models  are  half-wave  di¬ 
poles  protruding  directly  from  the 
insulating  case,  and  capacitively 
coupled  to  the  plate  of  the  oscillator. 
Either  dry-battery  model  can  easily 
be  carried  in  one  hand. 

Two  antenna  types  have  been 
used  in  most  tests.  One  consists  of 
a  quarter-wave  vertical  antenna 


quiring  portable  equipment.  It  in¬ 
cludes  a  Raytheon  developmental 
556-A  triode  in  a  superregenerative 
detector  circuit,  and  is  probably  one 
of  the  first  receivers  to  successfully 
use  a  filamentary  type  triode  at  this 
frequency.  A  separate  quench  os¬ 
cillator  provides  a  square  pulse  to 
the  grid,  it  having  been  found  that 
self  quenching  was  unsatisfactory 
because  of  transit  time  effects  in  the 
tube.  This  receiver  has  perform¬ 
ance  identical  to  that  of  the  receiver 
in  Fig.  4.  An  earlier  model  of  the 
battery  receiver  is  shown  in  Fig.  6. 

A  battery  operated  transmitter  of 
similar  size  has  been  built  and  used 
in  tests.  The  556-A  tube  is  used  as 
a  plate-modulated  oscillator,  and 
produces  about  30  milliwatts  of 
power. 
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(1)  Kenneth  BullinKton,  Radio  Fre¬ 
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30  Megacycles,  Proc.  IRE,  p  1122,  Oct. 
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(2)  Electronics  Sponsors  Citizens  Radio 
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Limited  COMMON  CARRIER 

RADIO  SERVICE 


Hitherto  unused  frequency  allocations  provide  extension  of  telephone  answering  service. 
Pioneer  f-m  160-mc  message-dispatching  stations  with  solid  coverage  in  Greater  New 
York  develop  a  new  market  for  mobile  radio  systems 


Frequency  assignments  in  the 
region  of  160  megacycles  are 
being  used  by  several  relatively  new 
services.  Notable  among  these  are 
taxi  radio,  already  crowded  and 
clamoring  for  more  room,  and  com¬ 
mon  carrier  systems  that  make  pos¬ 
sible  an  extension  of  telephone  serv¬ 
ice  to  moving  vehicles. 

Although  plans  are  now  going 
forward  for  increased  activity  in 
the  field  of  limited  common  carrier 
this  category  has  so  far  received  too 
little  attention.  A  well-defined  ex¬ 
ample  of  such  a  facility  is  furnished 
by  the  Brooklyn  Telephone  Answer¬ 
ing  Service,  which  uses  radio  to 
supplement  its  regular  functions  in 
Greater  New  York.  Since  June  1947, 
the  organization  has  pioneered  a 
new  type  of  service  in  this  country, 
though  it  is  closely  paced  by  other 
similar  organizations  with  compar¬ 
able  aims,  chief  among  them  being 
the  Telephone  Exchange,  Inc.  lo¬ 
cated  in  Manhattan  and  using  iden¬ 
tical  equipment. 

Secretarial  Service 

A  typical  telephone  answering 
service  performs  two  general  func¬ 
tions.  It  acts  as  a  secretary  for 
doctors  or  others  whose  offices  are 
closed  during  certain  periods  of  the 
day  or  night  but  whose  duties  are 
carried  on  over  an  essentially  24- 
hour  day.  By  prearrangement,  the 
service  either  comes  in  on  a  tele¬ 
phone  line  after  three  unanswered 
ringing  signals  or  when  the  sub¬ 
scriber  calls  in  to  request  that  each 
call  be  answered  immediately.  Sqme 
business  establishments  list  a' tele¬ 


phone  number  that  is  answered  only 
by  the  service  and  the  service  office 
in  effect  m^ages  all  the  subscrib¬ 
ing  company’s  telephone  Business. 
Telephone  interconnections  are  ar¬ 
ranged  through  the  Telephone  Com¬ 
pany,  which  has  for  years  shown  no 
inclination  to  dabble  in  this  special¬ 
ized  field  that  constitutes  a  secre¬ 
tarial  rather  than  a  strictly  commu¬ 
nications  service. 

Subscribers  to  the  Brooklyn  serv¬ 
ice  are  so  far  principally  doctors. 
Included,  however,  are  an  oxygen 
service,  private  ambulance  opera¬ 
tors,  collision  and  towing-truck  com¬ 
panies,  commercial  refrigeration 
emergency  crews,  marine  riggers, 
limousine  services,  and  fire  adjust¬ 
ers.  Most  of  these  subscribers  are 


also  served  by  the  supplementary 
radio  dispatching  service. 

Present  tariffs  depend  upon 
whether  the  subscriber  rents  or  pur¬ 
chases  the  mobile  equipment  in¬ 
stalled  in  his  vehicle.  For  custom¬ 
ers  supplying  their  own  equipment 
the  cost  is  $17.50  a  month  for  the 
first  hundred  messages.  The  second 
hundred  messages  cost  15  cents 
apiece.  From  300  calls  and  up  the 
charge  is  reduced  to'  10  cents.  A 
message  is  defined  as  any  complete 
transmission  or  reception  at  the 
central  service  office.  Calls  from 
cars  to  test  reception  conditions  are 
not  subject  to  charge. 

Particularly  in  the  initial  stages, 
subscribers  to  the  radio  service  are 
reluctant  to  spend  the  $300  to  $600 


Telephone  Exchange.  Inc.  dispatcher  with  remote  control  unit  and  loudspeaker. 
Incoming  and  outgoing  colls  are  channeled  through  her  lond  wires 
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time  that  the  principal  is  actually 
outstanding,  the  subscriber  saves 
more  than  the  cost  of  the  financing 
with  a  normal  use  of  the  service  be¬ 
cause  of  the  reduced  tariff. 

Although  the  subscriber  is  ulti¬ 
mately  responsible  to  th6  Federal 
Communications  Commission  for 
the  operation  of  his  equipment,  the 
details  of  obtaining  a  simple  license 
for  type-approved  transmitter-re¬ 
ceiver  are  handled  by  the  service 


company  that  makes  installation. 

It  should  be  understood  that  the 
subscriber  in  his  car,  51:  anyone  call¬ 
ing  the  subscriber,  talks  only  to  the 
Brooklyn  Answering  operator-sec¬ 
retary.  While  at  first  blush  this  lack 
of  direct  contact  between  subscri'oer 
and  correspondent  might  seem  a 
disadvantage  it  has  many  good 
points.  In  the  first  place,  anyone 
desiring  the  extension  of  norm..! 
telephone  facilities  can  obtain  them 
through  the  radio  network  set  up  by 
common  carriers  licensed  for  such 
service.  The  type  of  subscriber  us¬ 
ing  the  limited  common  carrier  sys¬ 
tem  may  frequently  find  it  incon¬ 
venient  or  undesirable  (as  is  the 
case  with  doctors)  to  communicate 
directly  with  the  person  initiating 
the  call. 

A  doctor  can  call  briefly  through 
the  service  to  inform  his  office  of 
his  whereabouts  or  availability  and 
then  continue  driving  through  traf¬ 
fic  while  his  secretary  attends  to 
the  details  of  his  regular  routine, 
informing  him  of  his  best  schedule 
after  she  has  considered  all  the  fac¬ 
tors  in  the  case.  This  aspect  of  the 
service  also  enhances  the  economical 
use  of  the  radio  spectrum.  A  trained 
dispatcher  can  quickly  present  the 
essential  information  and  receive  a 
comprehensive  reply,  whereas  two 
individuals  talking  over  the  tele¬ 
phone  are  likely  to  use  man}rfold  the 
required  time  necessary  for  the 
transmission  of  the  bare  intelli¬ 
gence.  Actual  tests  show  that  on  a 
limited  common  carrier  system  the 
time  elapsed  between  the  reception 
of  a  message  and  its  transmittal  to 
a  subscriber  varies  between  six  and 
eight  seconds. 

Installation 

Besides  providing  a  fixed  trans¬ 
mitter  of  greater  power  than  the 
mobile  equipments,  great  care  was 
exercised  in  the  location  and  instal¬ 
lation  of  the  transmitting-receiving 
antenna  and  its  associated  equip¬ 
ment.  Because  of  the  premium 
placed  upon  tall  buildings  for  f-m 
and  television  broadcast  use,  no  at¬ 
tempt  was  made,  after  preliminary 
investigation,  to  compete  with  the 
rental  costs  imposed  upon  these 
services.  Owners  of  lower  buildings 
were  canvassed  and  finally  the  roof 
of  the  Hotel  St.  George  in  Brooklyn 
was  chosen  as  the  most  favorable 


necessary  for  the  purchase  of  mo¬ 
bile  equipment  and  yet  are  definitely 
desirous  of  obtaining  the  more  fa¬ 
vorable  rates  available  to  those  own¬ 
ing  their  own  equipment.  The 
Brooklyn  Service  has  taken  a  realis¬ 
tic  attitude  towards  the  matter  and 
is  now  prepared  to  accept  a  cash 
down-payment  and  eleven  notes, 
each  payable  on  succeeding  months 
at  a  yearly  rate  of  6  percent.  Be¬ 
tides  paying  interest  only  on  the 
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Froa-kmca  radio  octor  Corl  Frank  nsing  o  typical  lubscribar't  Installation  sarrod  by 

tha  Manhattan  sorrica 


Installation  onginoor  Kondall  adjusts  a  dispotebor's  rocsiTor  at  the  St.  George  Hotel 
tower  in  Brooklyn.  Transmitter  and  power  amplilier  ore  above  two  receivers 
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compromise  among  the  factors  of 
location,  elevation,  and  rental.  The 
monthly  rate  (excluding  additional 
power  charge)  is  less  than  that  for 
a  comparable  space  in  the  guest 
rooms  of  the  hotel,  making  the 
installation  economically  feasible. 
The  transmitting-receiving  instal¬ 
lations  are  controlled  over  a  pair  of 
leased  telephone  wires  from  the 
main  office  of  the  answering  service. 

The  engineer  was  careful  to 
place  the  center  of  his  antenna  40 
feet  above  the  roof  of  the  430-foot 
hotel  penthouse.  By  this  means, 
all  overhangs  and  decorative  cor¬ 
nices  were  at  too  low  an  angle  to 
shade  any  but  the  nearest  reception 
points  that  received  adequate  sig¬ 
nal  anyway  owing  to  their  proxim¬ 
ity.  As  a  result,  the  coverage  indi¬ 
cated  on  the  map  is  complete, 
without  holes.  Calls  between  the 
author  in  a  car  and  the  fixed  station 
were  made  in  the  42nd  St.  tunnel 
under  Tudor  City,  on  the  Williams¬ 
burg  and  Brooklyn  Bridges,  and  un¬ 
der  the  West  Side  Highway  just 
after  coming  down  the  64th  Street 
ramp.  All  these  locations  interpose 
obstructions  of  steel  or  stone  to  the 
most  direct  signal  path.  With  the 
vehicle  in  motion  little  distortion 
was  apparent  in  the  signals,  with  no 
loss  of  intelligibility. 

The  circuitry  of  the  equipment 
used  both  for  mobile  and  fixed  sta¬ 
tions  is  by  now  conventional  and  is 
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CoTerage  prorided  from  the  Brooklyn  2S0-watt  transmitter  operating  with  an  antenna 
gain  of  about  3  db.  This  mop  shows  only  the  region  for  reliable  talkback  irom  mobile 
units.  Fixed  stotion  coTerage  exceeds  these  limits 


special  battery  or  unusual  charging 
device  is  necessary  because  in  this 
service  the  equipment  is  turned  off 
when  the  vehicle  is  vacated  and  the 
receiver-transmitter  standby  cur¬ 
rent  is  only  8  amperes. 

The  mobile  equipment  installed 
by  the  Brooklyn  company  operates 
on  157.29  me  and  is  licensed  under 
the  blanket  call  W2XTK  The  dis¬ 
patcher’s  transmitter  operating  on 
152.08  me  has  the  call  W2XTJ.  Since 
these  frequencies  are  used  in  com¬ 
mon  with  the  Manhattan  company, 
W2XJJ  each  dispatcher  is  provided 
with  an  additional  receiver  tuned 
to  the  latter  frequency  so  that  any 
interference  between  dispatchers  is 
avoided.  Mobile  units  identify  them¬ 
selves  and  are  called  by  coded  num¬ 
bers,  so  that  in  the  broad  region  in 
which  the  coverages  overlap  there 
is  a  minimum  of  confusion. 

Thanks  are  extended  to  Jim  Cody 
of  Motorola,  Inc.,  and  particularly 
to  P.  R.  Kendall,  field  engineer  and 
regional  manager  of  the  same  com¬ 
pany,  for  system  information  and 
demonstrations.  We  are  indebted  to> 
A.  H.  Simon  for  business  statistical 
on  the  Brooklyn  service. — AJLMcBL 


shown  only  in  block-diagram  form. 
The  basic  30-watt  mobile  transmit¬ 
ter  shown  is  also  used  as\he  driver 
for  the  250-watt  fixed  station. 
Power  source  for  mobile  equipment 
is  the  car  battery.  In  general,  no 
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Block  diagram  oi  i-m  receiTOi  (A)  ioi  mobilo  or  fixed  operation  at  160  me,  and 
transmitter  (B).  Choice  oi  crystal  irequency  within  the  band  depends  upon  channel 
authorization.  The  transmitter  power  ampliiier  is  added  to  the  low-power  section 
for  iixed-station  operation 
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Design  of  a  servomechanism  by 
classical  mathematics  is  diffi¬ 
cult.  The  necessary  characteristics 
of  components  of  the  mechanism 
seem  mutually  irreconcilable.  The 
two  principal  components  are  (1) 
the  error  sensing,  or  perception,  ele¬ 
ment  and  (2)  the  correcting,  or 
restoring,  force.  Both  these  ele¬ 
ments  have  been  developed  to  a  high 
degree  and  in  ^Yide  variety;  how¬ 
ever  they  have  not  been  adapted 
as  extensively  to  cooperation. 

In  a  servomechanism,  corrective 
action  is*  initiated  by  the  sensing 
element  perceiving  an  error  be¬ 
tween  the  required  and  the  existing 
conditions  as  shown  in  Fig.  1.  The 
error  signal  causes  the  power  source 
to  operate  to  reduce  the  error.  Small 
error  produces  only  a  small  restor¬ 
ing  force,  thus  the  system  is  insen¬ 
sitive  to  small  error.  To  increase 
the  accuracy,  an  amplifier  can  be  in¬ 
troduced  between  sensing  and  re¬ 
storing  elements.  Small  error  then 
produces  large  restoring  force,  thus 
the  system  over-corrects  small  er¬ 
rors.  The  over-correction  may  result 
in  prolonged  oscillation  if  the  ampli¬ 
fication  is  high.  Thus  it  is  seen  that 
a  sensitive  servomechanism  may  be 
unstable. 

Based  on  a  mathematical  analysis 
of  the  system,  one  solves  the  above 
dilemma  by  introducing  a  velocity¬ 
sensing  element  in  the  error  signal 
mechanism  so  that  the  error  signal 
is  increased  proportionally  to  the 
speed  with  which  an  error  is  devel¬ 
oping.  In  this  manner  the  correct¬ 
ing  torque  is  removed  if  the  error  is 
rapidly  being  corrected  (positive 
error  plus  negative  speed  of  devel¬ 
oping  error  results  in  zero  error 
signal).  The  restoring  force  is 
thus  removed  before  the  actual 
error  has  been  reduced  to  zero;  the 
system  slows  down  as  it  approaches 
balance,  and  is  thus  stabilized. 

However,  when  the  proper 
amount  of  velocity  compensation  is 
included  in  the  servomechanism  to 
compensate  for  a  load  of  given  iner¬ 
tia  and  friction,  the  system  will  not 
operate  satisfactorily  if  the  load 
changes.  Thus  one  realizes  that  a 
purely  mathematical  approach  to 
servomechanism  design  is  limited. 
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FIG.  1 — Basic  slements  of. a  sorTomochanism  include  a  feedback  loop 
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FIG.  2 — The  Motron  servomechanism  has  governor — controlled  feedback 


W.  C.  Robinette  Co. 
Routh  Pnxadctia,  Calif. 


disturbed.  The  servomechanism, 
acting  as  a  torque  amplifier,  should 
follow  the  rate  input  smoothly.  Ex¬ 
tremely  low  dynamic  errors  are 
necessary  only  in  a  few  specialized 
types  of  application  such  as  milling 
machines  or  fire  controllers.  These 
applications  require  low-inertia 
motors  and  other  refinements  not 
necessary  in  a  packaged  servomech¬ 
anism  intended  for  general  indus¬ 
trial  use.  Therefore  most  industrial 
applications  can  be  filled  by  a  sys¬ 
tem  using  standard  induction 
motors  and  low-power  electronic 
amplifiers.  System  performance 
should  be  sufficiently  simple  to  be 
readily  understood  by  installation 


commercially  successful,  is  that  it 
be  able  to  control  any  type  load  with 
only  minor  adjustments,  and  that 
normal  changes  of  load  do  not  affect 
stability  and  sensitivity  of  the  ser¬ 
vomechanism.  Nor  should  the  pre¬ 
selected  operating  point  drift  with 
changes  in  load,  supply  voltage,  or 
temperature.  In  addition,  if  the 
servomechanism  is  to  be  useful  in 
process  control,  it  must  automatic¬ 
ally  compensate  for  changes  in  lag 
time  or  process  delays  occurring  in 
the  process  under  control. 

Other  required  characteristics  in- 
Basic  eqa  romoR  s  elude  an  error-detecting  mechanism 

The  basic  requirements  of  a  pack-  operating  at  very  low  torque  so  that 
age  servomechanism,  if  it  is  to  be  the  controlled  function  need  not  be 
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FIG.  3 — Hydraulic  pump  control  illustrates  stability  of  the  servomechanism 


Industrial  processing  can  be  accurately  and  automatically 
controlled  by  servomechanisms.  Although  such  devices  are 
usually  designed  for  a  particular  application,  *  the  one 
described  here  will  control  various  loads  such  as  a  paper 
winder,  milling  machine,  oil  blenders,  and  blowers 


and  plant  maintenance  personnel. 

From  the  foregoinjr  comments 
one  sees  that,  rather  than  attempt 
to  design  a  packaged  servomechan¬ 
ism  to  meet  anticipated  require¬ 
ments  by  mathematical  analysis,  it 
will  be  better  to  consider  basic 
physical  principles.  Such  an  ap¬ 
proach  simplifies  examination  of  the 
effects  of  nonlinearities  in  the  sys¬ 
tem.  Based  on  Newton’s  first  law 
of  motion  (objects  continue  in  their 
states  of  rest  or  uniform  linear  mo¬ 
tion  unless  acted  upon  by  outside 
forces),  it  is  deduced  that  the 
proper  independent  variable  of  the 
servomechanism  is  velocity  (that  is, 
rate  of  motion,  or  speed  in  a^given 


direction),  rather  than  position. 
Thus  the  velocity  of  the  load  is 
made  proportional  to  the  error  in  the 
region  of  balance;  when  the  error 
is  zero,  the  velocity  is  zero,  and  the 
load  is  at  its  balance  point.  Because 
the  balance  point  is  determined  by 
the  load  reaching  zero  velocity,  the 
difficulty  of  instability  from  over¬ 
shoot  previously  described  is 
avoided. 

The  second  consideration  is  the 
conservation  of  energy.  Excess 
kinetic  energy  stored  in  the  system 
at  high  error-correcting  velocities 
must  be  completely  absorbed  by  re¬ 
verse  motor  torque  during  a  retard¬ 
ation  period  as  the  balance  point  is 


approached.  The  motor  provides 
positive  energy  input  to  force  the 
system  to  balance  but  absorbs  all 
the  stored  kinetic  energy  (input 
energy  minus  frictional  losses)  as 
balance  is  re-established.  In  this 
way  the  condition  of  zero  velocity, 
previously  found  desirable,  can  be 
obtained. 

Two  types  of  loads  can  be  ex¬ 
pected  in  industrial  applications, 
one  having  small  friction  and  high 
inertia,  the  other  having  low  in¬ 
ertia  and  high  friction.  A  single 
load  may  present  different  charac¬ 
teristics  under  variable  operating 
conditions.  Therefore  two  methods 
of  preventing  over-shoot  are  used 
assuring  stability  independently  of 
system  amplification.  The  first 
method  is  to  vary  the  time  during 
which  the  motor  can  develop  full  re¬ 
verse  torque.  The  second  is  to  limit 
the  top  speed.  The  first  method 
makes  it  possible  to  absorb  all  the 
stored  energy;  the  second  method 
limits  the  maximum  stored  energy 
(thus  making  it  possible  to  absorb 
it  in  a  reasonably  short  time). 

Servomechanism  Design 

By  the  type  of  operation  des¬ 
cribed  above,  system  stability  is  as¬ 
sured.  Therefore  it  is  possible  to 
utilize  extremely  high  amplification 
producing  a  very  sensitive  servo¬ 
mechanism.  Furthermore,  with  vir¬ 
tually  unlimited  amplification  possi¬ 
ble,  the  error  sensing  mechanism 
can  be  made  very  sensitive,  thus 
making  it  possible  to  detect  minute 
errors. 

These  characteristics  are  realized 
in  the  Motron  (trade  mark  regis¬ 
tered,  U.  S.  Patent  Office)  packaged 
servomechanism  shown  diagram- 
matically  in  Fig.  2  as  follows:  The 
motor  constitutes  a  variable-speed 
power  source  whose  speed  is  con¬ 
trolled  by  a  governor.  A  control 
shaft  on  the  governor  controls  the 
motor  speed  from  full  speed  for¬ 
ward  through  zero  to  full  speed  in 
reverse.  The  speed  selected  by  this 
governor  control  is  obtained,  within 
close  limits,  providing  that  maxi¬ 
mum  motor  torque  is  capable  of  sup¬ 
plying  the  required  energy  to  the 
system.  Maximum  motor  speed  in 
either  direction  can  be  limited  by 
adjustable  stops  on  the  governor 
control.  Time  lag  in  the  servomotor 
is  the  period  necessary  for  full 
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At  high  rates  of  flow,  the  system 
balances  from  a  standing  start  with 
only  several  half-cycles  of  over¬ 
shoot  when  the  pump  discharges  in 
the  last  reservoir.  As  the  rate  of 
flow  is  decreased,  the  pump  dis¬ 
charging  into  either  the  second  or 
upper  reservoir,  there  is  a  fairly 
abrupt  point  at  which  the  system 
becomes  unstable  and  hunts.  Hunt¬ 
ing  can  be  stopped  by  restricting 
the  maximum  speed  range  of  the 
motor  by  adjusting  the  limit  screws 
of  the  governor  control.  Changing 
the  discharge  from  one  reservoir  to 
another  does  not  cause  instability. 
In  other  processes  in  which  there 
is  added  to  the  time  lag  of  this  type 
of  system  a  backlash  as  well,  the 
servomechanism  is  also  dynamic¬ 
ally  stable  because  of  the  same 
action  of  coming  to  rest  when  the 
error  is  reduced  to  zero. 


justed,  if  necessary,  to  limit  the 
maximum  speed  (and  hence  maxi¬ 
mum  stored  kinetic  energy). 

That  the  servomechanism  will 
respond  in  this  manner  when  ap¬ 
plied  to  a  practical  process  control 
problem  is  demonstrated  by  its 
performance  in  controlling  an  illus¬ 
trative  fluid  flow  system  such  as 
that  of  Fig.  3.  To  indicate  the 
ability  of  the  system  to  handle 
changing  process  time  lags  without 
losing  stability,  a  series  of  three 
consecutive  fluid  storage  reservoirs, 
each  with  narrow  weirs  so  that  the 
rate  of  flow  is  not  proportional  to 
the  height  of  water  in  each  reseif- 
voir,  is  set  up  to  constitute  the 
process.  The  servomotor  drives 
(unidirectionally)  a  standard  cen¬ 
trifugal  pump  with  exponential  dis¬ 
charge.  The  last  reservoir  rests  on 
a  small  scale  the  deflection  of  which 
is  transferred  to  the  lever  of  the 
governor  control,  thus  causing  the 
servomotor  to  run  at  a  rate  to  main¬ 
tain  the  weight  of  water  in  the 
third  reservoir  constant.  Rate  of 
flow  can  be  adjusted  by  changing 
the  length  of  the  linkage  between 
scale  and  governor  control,  giving 
rates  from  maximum  down  to  sev¬ 
eral  drops  per  second. 


motor  torque  to  accelerate  the  sys¬ 
tem  inertia  to  the  desired  speed. 

To  combine  these  elements  into  a 
process  control  servomechanism,  the 
output  of  the  motor  is  made  to  move 
the  governor  control  by  way  of  the 
process  so  that  the  governor  con¬ 
trol  approaches  its  center,  or  zero 
speed,  position  when  the  output 
shaft  approaches  the  desired  posi¬ 
tion.  In  actual  industrial  applica¬ 
tions,  the  output  motor  drives  what¬ 
ever  can  be  readily  controlled  that 
causes  process  changes  (such  as 
blower,  winding  motor,  or  guide 
roller  as  shown  in  the  illustrations 
elsewhere  in  this  article) ;  the  gov¬ 
ernor  control  is  operated  by  the 
factor  being  controlled  (such  as  air 
velocity,  wire  tension,  or  paper 
alignment)  through  a  sensing  ele¬ 
ment  or  indicating  gage.  Displace¬ 
ment  of  the  controlled  variable 
causes  the  motor  to  develop  full 
torque  until  it  obtains  a  velocity 
proportional  to  the  displacement 
(or  its  maximum  velocity).  As  the 
controlled  variable  returns  to  nor¬ 
mal,  the  motor  decelerates  its  load 
by  absorbing  energy  from  it,  stop¬ 
ping  it  when  the  system  has  been 
corrected.  Speed  limiting  stops  on 
the  governor  control  can  be  ad¬ 
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Governor  Control 

Thus  far  the  discussion  has  been 
concerned  with  mechanical  princi¬ 
ples -of  the  system  and  its  over-all 
operating  characteristics.  These 
characteristics  are  dependent  on  the 
principle  of  operation  outlined 
above,  but  their  practical  attain¬ 
ment  depends  on  the  motion  of  the 
governor  control. 

The  governor  control  consists  of 
a  pair  of  pure  metallic  (silver  or 
another  equally  good  conductor) 
contacts.  The  contact  resistance 
between  them  is  one  arm  of  a 
bridge  that  actuates  the  electronic 
motor  controller  (described  later). 
One  of  these  contacts  (called  the 
Governor  Wand)  is  on  the  governor 
control  shaft  shown  in  Fig.  4  and 
hence  is  positioned  by  the  controlled 
variable.  This  contact  is  a  flat  disc 
of  silver  about  3  inch  in  diameter. 
The  other  contact  is  an  i-inch  diam¬ 
eter  axial  silver  contact  on  the  gov¬ 
ernor  spring,  thus  its  axial  position 
is  dependent  on  the  instantaneous 
motor  speed.  As  the  servomotor 
causes  the  governor  to  accelerate, 
centrifugal  force  on  the  governor 
weights  deflects  the  governor 
spring,  pulling  the  governor  contact 
away  from  the  control  shaft  con¬ 
tact. 

Critical  governor  speed  is  defined 
as  that  at  which  the  centrifugal 
force  pulls  the  governor  contact 
away  from  the  control,  or  wand, 
contact  so  that  approximately  one 
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Tension  in  a  bobbin  is  controlled  by  running  thread  over  pulley  fastened  to  arm  oi 
eccentric  shaft;  servomotor  pays  out  at  constant  tension 
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megohm  of  impedance  appears  be¬ 
tween  the  two.  This  critical  impe¬ 
dance  between  the  silver  contacts  is 
obtained  with  infinitesimal  pressure 
between  them,  thus  providing  the 
low  power-absorption  of  the  error¬ 
sensing  device.  (It  has  been  sug¬ 
gested  that  the  limit  of  sensitivity 
of  the  method  of  motion  detection 
is  a  motion  of  molecular  dimensions 
i  occurring  in  the  boundary  layers  of 
I  the  two  contacting  elements.  Others 
*  have  suggested  that,  rather  than  a 
j  restivity  function  being  involved,  it 
is  a  capacitive  effect  between  molec- 
,  ular  boundaries  separated  by  molec- 
I  ular  dimensions.  Whatever  the 

'<  phenomena  involved,  the  term  Mole¬ 

cule  Squeezer  aptly  describes  this 
sensing  element.  It  possesses  the 
limiting  ability  to  detect  molecular 
positional  errors  with  only  infin¬ 
itesimal  force.  Its  motion  could  not 
be  duplicated  by  a  potentiometer.) 

To  make  the  governor  sensitive 
to  the  direction  of  the  servomotor 
rotation  a  rotational  bias  is  intro¬ 
duced.  The  servomotor  drives  a 
differential  through  a  belt.  The 
cooling  fan  motor  also  drives  one 
of  the  inputs  of  the  differential 
through  a  belt;  this  drive  consti¬ 
tutes  the  bias.  The  output  of  the 
differential  then  drives  the  gov¬ 
ernor.  Thus  at  zero  servomotor 
speed,  the  governor  is  driven  at  the 
speed  determined  by  the  fan  motor. 
When  the  servomotor  rotates  oppo¬ 
sitely  to  the  bias  rotation,  the  gov¬ 
ernor  runs  slow;  when  the  servo¬ 
motor  rotates  with  the  bias  rota¬ 
tion,  the  governor  runs  fast.  As 
displacement  of  the  contact  on  the 
governor  is  linear  only  over  the 
midrange  of  governor  speed, -'this 


bias  also  places  the  governor  contact 
on  the  linear  portion  of  its'displace- 
ment  characteristic.  The  phases  in 
which  all  the  elements  of  the  system 
and  any  interlocks  are  connected 
must  be  such  that  governor  deflec¬ 
tion  will  tend  to  follow  the  deflected 
position  of  the  wand. 

In  comparison  to  other  types  of 
servomechanisms,  the  governor 
with  its  rotational  bias  performs 
the  function  of  phase  detector.  Be¬ 
cause  the  deflection  of  the  governor 
is  proportional  to  velocity,  it  per¬ 
forms  the  function  of  a  differenti¬ 
ating  circuit.  Also,  as  a  minute  de¬ 
flection  of  the  Molecule  .Sqeezer  is 
sufficient  to  unbalance  the  bridge, 
the  governor  acts  as  an  amplifier. 
The  governor  responds  with  such 
rapidity  to  changes  in  load  position 
(as  indicated  by  the  governor  con¬ 
trol  wand  position)  and  servomotor 
velocity  that,  especially  about  the 
balance  point,  the  servomechanism 
has  extremely  fast  response.  This 
system  can  have  a  loop  cutoff  fre¬ 
quency  when  using  low  inertia 
servomotors  as  high  as  150  to  300 
cps  compared  to  approximately  20 
cps  for  other  systems.  The  gov¬ 
ernor  controls  the  servomotor  out¬ 
put  from  zero  to  full  torque  in  the 
limiting  period  of  0.25  to  0.10  cycle. 
Under  such  conditions,  low  inertia 
servomotors  have  shown  stable  ac¬ 
celeration  and  retardation  rates  of 
200,000  to  400,000  deg/sec/sec. 

Bridge  CircHit  and  Amplifier 

The  governor  contact,  located  on 
the  axis  of  rotation  of  the  clock¬ 
spring  governor  loop,  maintains 
brightly  polished  contacting  sur¬ 
faces  by  its  wiping  action.  The 


bridge  balancing  current  is  less 
than  a  milliampere,  so  that  pitting 
or  arcing  cannot  occur.  This  con¬ 
tact  is  one  leg  of  a  bridge  in  the 
grid  circuit  of  an  electronic  ampli¬ 
fier  using  a  pair  of  50B5  tetrodes 
and  a  pair  of  35W4  rectifiers.  The 
amplifier  feeds  one  phase  of  a  con¬ 
ventional,  two-phase  squirrel-cage 
induction  motor  rated  at  1/15  hp, 
115-v-  a-c,  60  cps  (manufactured  by 
Bodine.)  The  main  winding  of  the 
induction  motor  is  excited  from  the 
power  line. 

The  bridge  circuit  is  balanced 
when  about  one  megohm  of  resist¬ 
ance  appears  between  the  governor 
contacts.  Balance  causes  in-phase 
current  to  the  second  winding  of 
the  motor,  which  then  cannot  de¬ 
velop  torque.  On  either  side  of  the 
balance  point,  the  motor  torque  is  in 
the  respective  direction  of  the 
bridge  unbalance.  As  the  amplifier 
does  not  use  differentiating  or  sta¬ 
bilizing  circuits,  it  has  a  very  short 
time  constant. 

Before  explaining  further  the  op- 


FIG.  4 — Contact  reiUtance  botwoon  wand 
and  goTornor  tndicatot  arror 
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in  phase  to  produce  the  proper 
torque  to  develop  ^h«  required 
speed. 

The  circuit  used  to  accomplish 
the  required  phase  shift  derives  its 
bridge  phase  excitation  voltage 
from  a  transformer  whose  primary 
is  in  series  with  the  main  motor 
field  winding  as  shown  in  Fig.  5. 
The  primary  of  this  transformer 
is  shunted  with  a  resistance  that  is 
chosen  to  give  the  proper  voltage  to 
the  bridge  for  the  current  drawn  by 
the  particular  motor  used. 

Series  feed  of  the  bridge  excita¬ 
tion  transformer  has  several  im¬ 
portant  actions.  It  causes  the  am¬ 
plitude  of  the  amplifier  grid  drive 
to  increase  as  the  motor  current 
increases.  It  also  maintains  a  fixed 
phase  relation  between  the  bridge 
excitation  voltage  and  the  magnetic 
flux  of  the  main  field,  thus  the  am¬ 
plifier  phase  is  always  adjusted  so 
that  the  magnetic  flux  in  the  control 
winding  has  the  maximum  control¬ 
ling  effect  at  any  motor  speed.  The 
amplifier  is  thus  made  quite  effi¬ 
cient  in  controlling  the  motor;  a 
small  amplifier  (capable  of  supply¬ 
ing  only  two  to  ten  percent  of  the 
power  input  to  the  motor)  can  be 
used.  This  factor,  coupled  with  the 
fact  that  the  amplifier  need  not  in¬ 
corporate  compensating  networks, 
as  previously  mentioned,  means 
that  rugged,  miniature  v'acuum 
tubes  can  be  used  instead  of  large 
ones. 

The  bridge  is  fed  from  the  excita¬ 
tion  transformer  through  a  phase 
shifting  capacitor  whose  size  is 
chosen  to  suit  the  particular  motor 
being  used.  Two  of  the  legs  of  the 
phase-sensitive  bridge  are  equal, 
the  third  leg  is  a  capacitor,  the 
fourth,  the  Molecule  Squeezer. 
When  the  governor  control  contact 
resistance  equals  the  capacitative 
reactance  of  the  adjacent  arm,  the 
motor  develops  no  torque.  When  the 
governor  contact  resistance  is 
lower,  counterclockwise  torque  is 
developed  by  the  motor;  when  the 
governor  contact  resistance  is 
higher,  clockwise  torque  is  devel¬ 
oped.  A  vector  diagram  shows  how 
these  relations  are  brought  about. 
The  rest  of  the  circuit  consists  of  a 
conventional  pushpull  amplifier.  The 
phase  relations  at  the  output  are 
substantially  those  at  the  input  of 
this  amplifier.  The  same  controller 


eration  of  the  bridge  and  electronic  from  one  quadrature  to  the  other, 
amplifier,  the  characteristics  of  the  the  stalled  torque  will  gradually 
motor  should  be  briefly  reviewed.  A  shift  from  maximum  in  one  direc- 
two-phase  induction  motor  will  run  tion  through  zero  to  maximum  in 
in  one  direction  when  two  electrical  the  opposite  direction.  When  the 
currents  are  in  quadrature  in  its  motor  is  rotating,  the  phase  shift 
field  windings,  and  will  run  in  the  necessary  to  produce  a  given 
opposite  direction  when  one  of  the  torque  is  different  than  when  the 
phase  inputs  is  reversed.  When  the  motor  is  stationary.  It  is  the.func- 
phase  of  one  of  the  inputs  relative  tion  of  the  servomechanism  feed- 
to  the  other  is  gradually  shifted  back  loop  to  provide  the  correction 
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motor  sizes  and  servomechanism 
applications.  All  components  that 
are  likely  to  require  replacement  are 
in  a  plug-in  can  on  the  amplifier 
chassis,  and  are  also  interchange¬ 
able  with  the  same  elements  in 
other  amplifiers. 


Torque  Requirements 


In  operation,  the  electronic  motor 
controller  supplies  an  electric  phase 
input  to  the  motor  that  develops  a 
torque  to  drive  the  motor  at  a  speed 
just  to  cause  the  governor  to  main¬ 
tain  the  balancing  resistance  be¬ 
tween  the  contacts  of  the  Molecule 
Squeezer. 

Torque-error-speed  relationships 
of  the  motor  necessary  to  produce 
the  characteristic  of  gradually  de¬ 
creasing  speed  as  balance  is  reached 
can  be  shown  by  the  characteristic 
of  the  centrifugal  governor,  which 
is  the  determining  element  of  the 
servomechanism.  Four  types  of 
loads  need  to  be  considered:  (1)  a 
load  that  is  predominantly  friction 
and  that  is  moved  at  the  maximum 
speed  of  the  servomotor,  (2)  a 
load  that  is  predominantly  friction 
but  that  is  moved  slowly,  (3)  a  load 
of  high  inertia  that  is  moved  at 
high  speed,  and  (4)  a  load  of  high 
inertia  that  is  moved  slowly. 

With  the  first  type  of  load,  the 
servomotor  must  supply  energy  to 
the  load  even  during  retardation  to 
supply  friction  losses.  These  fric¬ 
tion  losses,  being  caused  by  bearing 
surfaces  and  lubrication,  are  sub¬ 
ject  to  large  variations,  thus  proper 
motor  torque  to  maintain  a  velocity 
that  is  proportional  to  error  can 
vary  greatly.  If  the  friction  is 
largely  hydraulic,  the  required 
torque  can  fall  rapidly  as  the  veloc¬ 
ity  decreases;  with  dry  surfaces 
and  constant  coefficient  of  friction, 
the  torque  will  tend  to  remain  con¬ 
stant  (until  at  very  low  speed  the 
friction  changes  from  sliding  to 
static,  the  latter  being,  in  general, 
much  the  higher).  The  torque  is 
therefore  required  to  vary  widely. 

The  governor  and  amplifier  oper¬ 
ation  that  brings  the  load  to  rest  at 
the  balance  position  under  these 
conditions  is  a  consequence  of  the 
slanting  governor  characteristic 
shown  in  Fig.  6A  that  divides  the 
first  and  third  quadrants  of  the  ve¬ 
locity-error  graph  into  areas  where 
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Drag  sphere  used  to  monitor  air  flow  operates  wand  against  governor  contact, 
Servomotor  positions  blower  damper  to  maintain  constant  preset  flow 


the  control  resistance  is  higher  or 
where  it  is  lower  than  the  one- 
megohm  balance  value.  (Second 
and  fourth  quadrants  can  only  be 
reached  if  the  load  torque  exceeds 
the  motor  torque,  driving  the 
motor.)  With  the  limiting  stops  (H 
and  H'  Fig.  4)  fully  retracted,  the 
servomotor  will  attain  its  maximum 
velocity  for  the  particular  load. 
This  velocity  will  be  only  slightly 
less  than  the  maximum  no-load 
speed.  If  the  load  is  unbalanced  so 
as  to  open  the  control  contact,  the 
motor  will  reduce  the  error  until 
the  governor  contact  touches  at 
point  X  on  the  governor  character¬ 
istic.  The  motor  speed  then  de¬ 
creases  and  the  governor  speed  in¬ 
creases  so  that  the  load  is  driven  to 
balance  at  a  decreasing  speed.  If 
the  motor  slows  down  too  much, 
getting  too  far  from  the  governor 
characteristic  on  the  slow  speed 


side,  the  governor  contact  will  tend 
to  open  due  to  high  governor  speed, 
which  will  cause  increasing  bridge 
impedance  and  increasing  motor 
torque  to  correct  the  speed.  A  sim¬ 
ilar  action  takes  place  if  the  load  is 
initially  unbalanced  so  as  to  press 
the  governor  contacts  together,  all 
factors  being  the  reverse  of  the 
open  condition.  Thus  the  friction 
type  of  load  tends  to  slide  into  bal¬ 
ance  with  the  bridge  slightly  un¬ 
balanced  on  the  same  side  as  that 
before  the  retardation  period  was 
reached. 

The  low-speed  friction  load  is 
balanced  similarly,  except  that  the 
retardation  action  starts  at  a 
smaller  error. 

With  a  high-speed  large-inertia 
load,  when  the  load  crosses  the  gov¬ 
ernor  characteristic  M  as  in  Fig. 
6B,  maximum  reverse  torque  is  de¬ 
veloped  by  the  motor.  This  torque 


may  not  be  sufficient  to  absorb  the 
decrement  of  kinetic  energy  (be¬ 
cause  kinetic  energy  varies  as  the 
square  of  velocity),  so  the  load 
passes  beyond  the  governor  charac¬ 
teristic.  As  the  reverse  motor 
torque  absorbs  the  kinetic  energy  of 
the  load,  lowering  its  speed,  it  re¬ 
turns  to  the  governor  characteris¬ 
tic,  which  it  then  follows  to  the 
balance  point.  The  larger  the  iner¬ 
tia  of  the  load*  the  longer  it  will 
take  for  the  motor  to  return  the  sys¬ 
tem  to  the  governor  characteristic 
(curves  A  and  B,  Fig.  6B).  For 
very  high-inertia  loads  (curve  C), 
the  load  may  drive  the  system  be¬ 
yond  the  balance  point,  in  which 
case  the  motor  immediately  reverses 
and  starts  the  same  decelerating 
action  from  the  other  side  of  the 
balance  point  (at  S). 

The  motor  thus  approaches  bal¬ 
ance  with  the  governor  contact  in 
the  opposite  condition  for  high- 
inertia  loads  than  that  for  friction 
loads,  but  in  either  case  balance  is 
approached  along  the  governor 
characteristic  with  the  load  under 
the  control  of  the  motor,  friction 
loads  receiving  positive  torque, 
inertia  loads  receiving  negative 
torque. 

High  inertia  loads  can  be  brought 
to  balance  without  overshooting  by 
decreasing  the  steepness  of  the  gov¬ 
ernor  characteristic,  which  is  ac¬ 
complished  by  decreasing  the 
eccentricity  of  the  error-eccentric 
(C,  Fig.  4).  An  alternate  adjust¬ 
ment  is  to  restrict  the  maximum 
velocity  with  the  speed  limiting 
stops  (D  and  D\  Fig.  4).  Either 
adjustment  will  restore  the  system 
to  dead-beat  stability.  Increasing 
eccentricity  increases  the  speed  of 
response.  (Decreasing  the  eccen¬ 
tricity  makes  the  system  sluggish, 
increasing  it  too  much  makes  the 
system  sensitive  to  errors  below  the 
limiting  sensitivity  resulting  in  in¬ 
stability  such  as  hunting,  but  which 
can  be  stopped  by  limiting  the  maxi¬ 
mum  velocity  with  the  speed  limit¬ 
ing  stops;  the  system  then  becom¬ 
ing  extremely  responsive  to  small 
errors,  yet  remaining  stable  for 
large  ones).  Too  much  speed  limi¬ 
tation  can  be  nullified  by  placing 
contacts  on  the  governor  electronic 
control  circuit  that  will  be  actuated 
by  the  error  eccentric  to  disconnect 
the  governor  thus  allowing  the 


FIG.  7 — GoTernor  circuit  con  be  modified 
for  special  requirements 


motor  to  come  up  to  full  speed  at 
large  errors. 

Dynamic  error  for  fastest  dead 
beat  stability  can  be  evaluated  by 
setting  the  maximum  work  input  to 
the  motor  rotor  equal  to  the  conse¬ 
quent  change  of  kinetic  energy  of 
the  rotor.  This  condition  gives  the 
fastest  speed  of  response,  as  the 
load  is  neglected.  The  minimum 
dynamic  lag  angle  (error)  for  an 
uncompensated  Motron  servomech¬ 
anism  is  then  D=0.2Na(r*)/PT 
where  D  is  the  dynamic  lag  angle 
in  degrees  of  load,  N  is  load  rpm  at 
maximum  servomotor  speed,  a  is 
length  of  rotor  iron  stack  (1.87  in.), 
r*  is  fourth  power  of  radius  of  rotor 
iron  stack  (1.068*  in.),  P  is  number 
of  a-c  poles  (4),  and  T  is  average 
torque  or  0.9  times  the  stalled 
torque  of  the  motor  rotor  in  ft-lb 
(approx  1/6  ft-lb).  The  numbers 
refer  to  a  typical  motor  in  use. 

In  the  above  equation,  motor 
speed  is  in  terms  of  the  number  of 
a-c  poles  for  which  the  motor  is 
wound,  thus  gear  ratio  and  motor- 
speed  are  included  in  the  one  speed 
term  of  the  4  a-c  poles.  Because 
torque  of  a  given  motor  increases 
as  it  is  wound  for  a  larger  number 
of  poles,  a  4  or  6  pole  motor  (assum¬ 
ing  all  factors  except  gear  ratio 
constant)  is  desirable  for  high  dy¬ 
namic  accuracy  as  the  kinetic  en¬ 
ergy  stored  in  the  rotor  is  less  at 


the  low  rotor  speeds  resulting  from 
the  larger  number  of  poles.  The 
analysis  indicates  that  a  servo¬ 
motor  should  have  both  high  torque 
to  inertia  ratio  and  slow  speed  in 
order  to  obtain  low  dynamic  errors 
with  critical  damping. 

ApplieatioRS 

The  servomechanism  can  be 
adapted  to  a  variety  of  applications. 

A  machine  tool  can  be  made  to  du¬ 
plicate  automatically  the  shape  of  a 
templet.  The  templet  is  fixed  to  the 
work  bench.  A  tracer  finger  is 
linked  to  the  governor  control.  The 
servomotor  controls  the  position  of 
the  cutter  head  to  which  the  servo¬ 
mechanism  is  connected.  In  this 
way,  with  only  about  an  ounce  load 
on  the  tracer  point,  the  servomech¬ 
anism  will  duplicate  a  pattern 
within  plus  or  minus  0.00025  in.  by 
making  the  velocity-error  character¬ 
istic  very  steep  and  limiting  the 
feed  speed.  A  simplified  servo¬ 
mechanism  is  obtained  for  some  ap¬ 
plications  by  omitting  the  governor 
and  using  the  contact  between  an 
actuated  and  a  fixed  contact. 

Continuous  blending  of  heavy  and 
light  oils  to  give  a  fixed  interme¬ 
diate  viscosity  can  be  controlled  by 
a  servomechanism.  The  servomotor 
operates  the  mixing  valve  in  the  oil 
lines.  The  governor  control  is  ac¬ 
tuated  by  a  kinematic  viscosity 
sensing  element.  Temperature  com¬ 
pensation  can  be  provided  by  differ¬ 
entials  coupled  through  drag 
cylinders  rotated  in  oil;  the  drag 
will  be  proportional  to  viscosity, 
thus  the  more  viscous  side  will  de¬ 
termine  the  output  to  the  governor 
control.  Limit  switches  connected 
to  the  governor  control  circuit  as 
illustrated  in  Fig.  7  and  actuated  by 
the  process  or  servomotor  output 
shaft  can  be  used  to  reduce  the 
motor  torque  after  it  has  positioned 
the  valve,  leaving  just  enough 
torque  to  hold  the  valve  position 
until  viscosity  changes  unbalance 
the  governor  control.  In  a  series  of 
test  runs,  oils  of  900  sec  Saybolt 
Universal  and  100  sec  Saybolt  Uni¬ 
versal  both  at  130  F  were  blended  to 
any  intermediate  viscosity.  Blends 
of  150  sec  S.  U.  were  within  plus  or 
minus  four  seconds  S.  U.,  with  con¬ 
siderable  temperature  variation  of 
the  oils  being  blended.  Other  types 
of  process  control  can  be  devised. 
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Designing  Thoriated 
Tungsten  Filaments 


Design  data  for  carburized  thoriated  tungsten  filaments  are  calculated  using  formulas 
applicable  to  filaments  of  pure  tungsten.  Procedure  requires  controlled  carburization  to 
give  carburized  and  uncarburized  filaments  similar  electrical  characteristics 


1 

:1 


Until  recently,  the  design  of  tho¬ 
riated  tungsten  hlaments  was 
largely  empirical.  However,  in  1937 
it  was  observed  that  thoriated  tung¬ 
sten  filaments  made  according  to 
empirical  design  data  gave  filament 
temperatures  agreeing  within  ±1 
percent  with  the  calculated  temper¬ 
ature  values  for  pure  tungsten  fila¬ 
ments.  This  discovery  prompted 
further  research  which  resulted  in 
the  formulas  and  data  presented 
here. 

Pure  tungsten  filaments  require 
no  carburization;  thoriated  tung¬ 
sten  filaments  do  require  carburiza¬ 
tion  and  after  being  carburized 
have  a  higher  resistance.  Carbu¬ 
rized  filaments  have  greater  thermal 
power  emissivity  than  filaments  of 
either  pure  tungsten  or  uncarbu¬ 
rized  thoriated  tungsten.  When  the 
percentage  of  increased  resistance 
resulting  from  carburization  is 
equal  to  the  percentage  of  increased 
power  emissivity,  a  carburized  fila¬ 
ment  will  have  some  of  the  electrical 
properties  of  a  pure  tungsten  fila¬ 
ment  ;  that  is,  the  same  current  will 
beat  both  to  the  same  temperature. 
For  thoriated  tungsten,  this  in¬ 
creased  resistance  is  1.2  times  that 
which  existed  before  carburization. 

The  power  radiated  into  space 
from  a  straight  wire  may  be  ex¬ 
pressed  by 
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pure  tungsten’  and  0.283x1.2= 
0.316  for  the  case  of  carburized 
tungsten*. 

Inspection  of  Eq.  1  reveals  that 
when  7)  is  increased  20  percent  by 
increasing  the  filament  resistance 


by  that  percentage,  and  e,  is  also 
increased  by  20  percent  due  to  fila¬ 
ment  carburization,  for  a  given 
heating  current  T  must  remain  con¬ 
stant.  Therefore,  Eq.  1  is  applic¬ 
able  to  either  pure  or  carburized 
tungsten  filaments  for  this  set  of 
conditions. 

Wheh  it  is  desired  to  calculate 
the  current  required  to  heat  a  given 
tungsten  wire  to  a  particular  tem- 


7i=e.8r  (1) 

where  ti  is  equal  to  the  power  radi¬ 
ated  in  watts  per  sq  cm  per  sec,  e, 
is  the  power  emissivity  of  the  sur¬ 
face  at  temperature  T,  8  is  the  Ste- 
phan-Boltzmann  constant  equal  to 
6.722x10  “,  and  T  is  the  tempera¬ 
ture  of  the  wire  in  degrees  Kelvin. 
At  2,000  K,  e,  is  equal  to  0.263  for 


Thu  multiple  hairpin  filament  of  thoriated  tungeten  U  typical  of  those  used  in  high- 
power  tubes  for  high-frequency  indiutrial  ond  broadcasting  applications 


ELECTKONICS  — January,  I94« 


107 


FIG.l — The  factor  fi,  to  bo  utod  in  Eq.  5.  is  shown  as  a 
function  of  filament  operating  temperature 


FIG.  2 — The  factor  F.  used  in  Eq.  6  to  giro  filament  wire  sises  directly  in 
milt,  Tariet  with  operating  temperature  at  thown 


perature,  the  following  expression* 
may  be  used: 

Ad-*'*=A'  (2) 

In  this  equation,  A  is  the  required 
current  in  amperes,  d  is  the  diam¬ 
eter  of  the  wire  in  cm,  and  A'  is  the 
current  required  to  heat  a  wire  1  cm 
in  diameter  to  the  given  tempera¬ 
ture.  ■  The  appropriate  value  of  A' 
is  taken  from  values  published  by 
Jones  and  Langmuir'. 

As  small  filaments  are  usually 
specified  in  terms  of  the  weight  of 
a  200-mm  length,  the  value  of  d 
used  in  Eq.  2  must  be  obtained  from 
the  relation 

d=2.54xl0  (3) 

in  which  d  is  the  diameter  in  cm,  K 
is  a  conversion  factor  varying  with 
the  wire  density,  and  W  is  the  wire 
weight  in  mg  per  200  mm.  Values  of 
K  for  pure  tungsten  and  for  thori- 
ated  tungsten  are  given  in  Table  I. 

When  E(i.  2  and  3  are  combined, 
the  following  results: 

2.54xlO-*(W  A)»=A*'*A'-*/*. 
Solving  for  W,  one  obtains 

W  =  A‘'*AA'-'  (2.54x10  *)  -*  (4) 
or  W=A*  *AT  (5) 

when  A"*'*  (2.54x10-*)-*  is  replaced 
by  the  factor  B. 

This  relation  holds  for  either 
pure  or  carburized  thoriated  tung¬ 
sten  when  the  correct  conversion 
factor  K  is  used  for  each.  The  car¬ 
burized  filament  must  be  carburized 
to  a  20-percent  resistance  increase 
at  the  rated  current  for  Eq.  5  to 
hold  rigorously.  Values  of  B  for 
various  temperatures  are  given  in 
Table  II.  They  also  appear  in 
curve  form  in  Fig.  1. 

For  the  larger  sizes  of  thoriated 
tungsten  filaments,  it  is  usually 


more  convenient  to  measure  the 
wire  size  directly  in  mils  and  to  use 
the.  modified  equation 

d^A'f'B’  (6) 

where  d  is  the  diameter  in  mils  and 
A  is  the  required  heating  current  in 
amperes.  Values  for  B'  for  various 
temperatures  are  given  in  Table  II. 
They  also  appear  in  curve  form  in 
Fig.  2. 

When  a  thoriated  tungsten  fila¬ 
ment  is  carburized,  the  resistance  is 
usually  allowed  to  increase  from 
1.15  to  1.25  times  the  original  re¬ 
sistance  at  the  rated  filament  cur¬ 
rent.  The  power  emissivity  of  the 
carburized  surface  normally  does 
not  change  with  the  degree  of  car¬ 
burization.  Consequently,  the  tem¬ 
perature  may  be  calculated  over 
any  range  selected. 

Let  Tf),  equal  the  power  in  watts 
required  to  heat  a  given  filament 
that  has  been  carburized  to  a  20- 
percent  resistance  increase;  T, 
equal  the  calculated  temperature  of 
the  above  filament;  ti,  equal  the 


power  in  watts  required  to  heat  an 
identical  filament  that  has  been  car¬ 
burized  to  another  resistance;  and 
let  T.  equal  the  temperature  of  the 
second  filament.  The  following 

equations  may  then  be  written : 

■»l,=c.8T,*  (7) 

•ri,=e,o7’,*.  (8) 

Since  e,  and  8  are  constant,  upon 

dividing  Eq.  8  by  Eq.  7,  one  ob¬ 
tains 

fht/'f'ii  —  Ta  /Ti*.  (9) 

Because  T,,  7|„  and  t;*  are  known, 
Eq,  9  is  solved  for  T„  yielding 

(10) 

As  an  example,  the  wire  size  nec¬ 
essary  for  a  filament  that  is  carbur¬ 
ized  to  give  a  voltage  increment  of 
20  percent,  operate  at  2,000  K  with 
a  filament  current  of  10  amperes, 
and  be  made  of  thoriated  tungsten 
wire  containing  2  percent  of  tho- 
ria  by  weight  is  calculated  from  Eq. 
5  and  Tables  I  and  II.  Substituting 
values  of  K  and  B,  W=10*/*X  1.875 
X  15.06=610  mg  per  200  mm. 


TABLE  I — Values  of  Factor  K 
for  Various  Filament  Materials 


Filament 

Material 

Density 
in  grams 
per 

cu  cm 

K 

Pure  Tungsten 

19.06 

1.931 

1.0%  Thoriated 

Tungsten 

18.83 

1.908 

Thoriated 

Tungsten 

18.73 

1.898 

2.0%  Thoriated 

Tungsten 

18.47 

1.875 

TABLE  II — Values  of  B  and  B' 
for  Various  Filament 
Temperatures 


Temperature  in 
Degrees  K 

B 

B' 

1,800 

19.68 

4  44 

1,900 

17.14 

4  14 

2,000 

15  06 

3.88 

2,100 

13.37 

3.65 

2,200 

11.93 

3.45 

2,300 

10.76 

3.27 

2,400 

9.69 

3.11 

2,500 

8.82 

2.97 

2,600 

8.07 

2.84 

2,700 

7.41 

2.72 

2,800 

6.83 
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FIG.  4 — Calculated  cunre  oi  wire  sixe  as 
a  function  oi  rated  filament  current  for  a 
temperature  oi  2.000  K.  Cross  morks 
indicate  filament  sixes  and  current  ratings 
determined  empirically  by  the  manufac¬ 
turer.  Length  of  horixontal  line  of  each 
cross  indicates  tolerance  on  wire  weight; 
length  of  vertical  line  indicates  limits  on. 
filament  current 


FIG.  3 — Filament  wire  weight  as  a  function  oi  rated  current  for  given  operating 
temperatures.  These  curves  are  accurate  for  either  pure  tungsten  or  carburised 
thoriated  tungsten  filaments.  Small  rectangle  outlines  temperature  deviations  for 

example  calculated 


Assuming  that  the  filament  cur¬ 
rent  limits  are  9.5  to  10.5  amperes, 
the  temperatures  at  those  limits  are 
calculated  from  Eq.  5  using  Tables 
I  and  II  and  Fig.  1.  Using  the 
value  of  W  calculated  above,  one 
obtains  values  of  B  equal  to  16.12 
for  a  filament  current  of  9.5  amp¬ 
eres,  and  14.15  for  a  current  of  10.5 
amperes.  From  Fig.  1  the  temper¬ 
atures  corresponding  to  these  val¬ 
ues  of  B  are,  for  9.5-ampere 
operation,  7=1,948  K,  and  for  10.5- 
ampere  operation,  7=2,052  K. 

The  rectangle  outlined  in  Fig.  3 
shows  the  temperature  variations 
resulting  from  both  the  variations 
in  carburization  and  the  necessary 
tolerance  deviations  in  filament 
wire  weight.  Figure  3  covers  the 
ranges  of  filament  wire  weight  and 


filament  current  used  for  most  tho¬ 
riated  tungsten  filaments. 

Figure  4  shows  a  curve  calcu¬ 
lated  for  2,000  K  with  several  fila¬ 
ment  wire  weights  and  the  corres¬ 
ponding  current  limits  determined 
by  Westinghouse  after  several 
years  of  experience. 

The  fragility  of  a  given  filament 
increases  with  the  degree  of  car¬ 
burization.  Therefore,  In  consid¬ 
ering  this  factor,  use  is  made  of 
Fig.  5  from  which  the  percentage 
of  filament  cross-sectional  area  com- 
l)osed  of  tungsten  carbide  can  be 
determined  when  the  degree  of 
carburization  is  known. 

This  analysis  of  filament  design 
has  been  limited  primarily  to  calcu¬ 
lations  of  the  heating  current 
required  for  thoriated  tungsten 


FIG.  5 — Relative  filament  rexixtivity.  or 
ratio  of  carburixed  to  uncarburixed  re¬ 
sistivity,  varies  with  percentage  of  tung¬ 
sten  carbide.  Resistivity  increase  is  de¬ 
termined  by  measuring  increased  voltage 
drop  across  filament  carrying  rated 
current 

filaments.  Data  for  end-loss  calcu¬ 
lations  are  given  by  Jones  and 
LangmuiF.  Although  the  calcula¬ 
tions  made  here  are  rigorous  only 
for  those  sections  of  filaments  not 
affected  by  end  cooling,  experience 
indicates  that  the  magnitude  of 
error  that  arises  from  treating  the 
entire  filament  by  the  data  given 
here  is  usually  less  than  the  magni¬ 
tude  of  normal  manufacturing  vari¬ 
ations. 

Table  III  presents  a  list  of  stand¬ 
ard  tubes  with  sizes  of  filament 
wire  actually  used,  filament  current 
limits,  and  calculated  wire  sizes  at 
normal  operating  temperatures. 
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TABLE  III — Calculated  and  Actual  Filament  Data  for 
Several  Standard  Tubes 


Tube 

Type 

Galeiilated 
Operating 
Temperature  in 
degrees  K 

Calculated  Wire 
Weight  in  mg 
per  200  mm 

Actual  Wire 
Weight  in  mg 
per  200  mm 

Filament 
Current  limits 
in  amperes 

20t.\ 

2,000 

175 

173-178 

3.65-1.05 

803 

2,000 

210 

232-217 

4.7  -5.3 

833.\ 

2,000 

210 

238-218 

9.4  -10.3 

819 

2,000 

99 

97-100 

4. 7.5-5  25 

860 

2,000 

137 

1.38-111 

31  -3.4 

86t 

2  000 

612 

606-618 

9.5  -10.5 

891 

2, .3 10 

15  mils 

45  mils 

57-62 

89."> 

2,560 

51.3  mils 

51.5  mils 

66-72 
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FIG.  1 — Functions  of  the  main  stages  oi  the  automatic  circuit  tester 


Automatic  Limit  Bridge  for 


Resistance  of  as  many  as  119  circuits  are  automatically  compared  with  those  of  preci¬ 
sion  circuits  in  a  standard  chassis.  Amplified  output  of  a  bridge  is  converted  to  square 
waves  and  applied  to  a  thyratron  whose  bias  is  set  for  required  acceptance  tolerances 


Need  has  long  existed  for  a  sim¬ 
ple  automatic  bridge  to  serve 
as  the  master  test  position  on  pro¬ 
duction  assembly  lines  of  electronic 
equipment.  Bridges  previously 
available  for  this  purpose*  have  re¬ 
quired  an  inordinately  long  setup 
time  and  have  therefore  been  use¬ 
ful  only  on  runs  of  thousands  of 
identical  chassis. 

The  equipment  to  be  described 
requires  about  15  minutes  setup 
time  and  is  therefore  advantageous 
even  on  short  production  runs.  The 


•  ElkctrOMICS,  p  68,  Feb.  1943. 


FIG.  2 — Cirenit  of  bridge  Toltaga  supply 


instrument  consists  of  a  3-gang, 
120-position  ratchet-driven  switch, 
arranged  to  step  once  per  second, 
plus  the  circuit  shown  in  the  block 
diagram  of  Fig.  1.  The  instrument 
is  capable  of  making  119  indepen¬ 
dent  measurements  of  resistance  to 
ground.  Connection  to  the  chassis 
under  test  is  made  through  tube 
sockets  and  by  clips  at  test  points. 

Bridge  Circuit  Arrangement 

The  arrangement  of  the  bridge 
circuit  is  .dictated  by  the  necessity 
for  grounding  both  standard  and 
chassis  under  test  and  so  that  a 
given  percent  unbalance  produce  a 
constant  output  voltage  throughout 
the  entire  resistance  measuring 
range.  The  latter  requirement 
makes  it  impossible  to  insert  the 
bridge  voltage  between  the  center 
point  of  the  ratio  arms  and  ground, 
since  drastic  loss  of  sensitivity  in 
measurement  of  low  resistance  val¬ 
ues  would  result.  Accordingly,  the 
bridge  voltage  supply  must  float 


above  ground  and  be  well  insulated. 

The  d-c  unbalance  voltage  from 
the  bridge  is  next  amplified  by  a 
stage  having  high  input  resistance, 
and  then  converted  into  a-c  for  fur¬ 
ther  amplification  and  rectification. 
Conversion  to  a-c  is  necessary,  since 
the  firing  of  the  limit  thyratron 
must  be  independent  of  the  polarity 
of  the  original  unbalance  voltage. 

The  thyratron  is  provided  with  a 
tapped  bias  supply,  to  permit  selec¬ 
tion  of  several  firing  points  corre¬ 
sponding  to  different  amounts  of 
bridge  unbalance.  The  bias  is  con¬ 
trolled  by  a  three-position  toler¬ 
ance  switch  and,  in  addition  may  be 
modified  by  the  installation  of  jum¬ 
pers  on  the  main  selector  switch. 

The  final  block  includes  a  five-sec¬ 
ond  time  delay,  which  eliminates 
spurious  rejects  due  to  transients, 
and  an  indicator  lamp  which  oper¬ 
ates  when  a  true  reject  occurs. 

The  circuit  of  the  bridge  voltage 
supply  is  shown  in  Fig.  2.  The  recti¬ 
fier  is  made  by  reassembling  com- 
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reduced  to  one  of  second  order  mag¬ 
nitude  by  methods  to  be  discussed 
later  in  connection  with  thyratrtm 
performance. 

The  vital  portion  of  the  instru¬ 
ment  is  the  detector.  This  device 
must  have  high  input  impedance, 
an  efficient  conversion  of  d-c  to  a-c, 
and  excellent  zero  stability.  The 
order  of  magnitude  of  unbalance 
voltages  to  be  detected  is  as  follows : 
5  percent  yields  0.25  volt  d-c,  10 
percent  yields  0.5  volt  and  20  per¬ 
cent  yields  1  volt.  Accordingly  a 
d-c  vacuum-tube  voltmeter  circuit 
is  necessary  having  a  zero  drift 
small  compared  to  0.25  volt.  In  ad¬ 
dition,  the  zero  must  be  the  same 
whether  the  input  be  grounded 
directly  or  connected  to  ground 
through  several  megohms.  The  de¬ 
tector  circuit  is  shown  in  Fig.  4. 

It  has  been  found  that  many 
commercial  6C4  tubes  have  grid 
currents  less  than  2  x  10'"  ampere. 
In  addition,  careful  measurement 
permits  pairs  of  tubes  to  be  selected 
whose  unbalance  due  to  changes  in 
heater  voltage  is  less  than  one-fifth 
the  unbalance  observed  when  a 
single  tube  is  paired  with  a  fixed 
resistance.  A  matched  pair  of  tubes 
is  used  as  the  input  circuit  of  the 
detector,  one  tube  being  used  as  the 
load  of  the  other.  A  special  plate 
A  curve  of  bridge  voltage  against  supply  is  not  required.  An  amplified 

load  resistance  is  given  in  Fig.  3.  d-c  voltage  is  therefore  available 

No  attempt  is  made  to  regulate  the  across  points  A  and  B  of  Fig.  4. 

bridge  voltage  and  it  therefore  va-  The  input  tubes  can  henceforth  be 

ries  in  proportion  to  the  line.  The  considered  as  a  high  resistance  and 

error  due  to  this  variation  has  been  battery  in  series  as  indicated  in 


MoTlng-contact  lids  ol  circuit-selecting  switch  and  electronic  stages  of  instrument 


Communication  Measurements  Laboratory 
New  York.  N.  Y. 


mercial  selenium  5-plate  groups 
having  a  current  rating  of  200  ma 
and  a  peak  inverse  voltage  of  70 
volts  per  plate.  The  ballast  lamp 
quickly  limits  short-circuit  currents 
to  approximately  0.7  ampere. 


OUTPUT 


I5,000tl% 
15,000  ZjOOO 


15,000 


'  ZERO 
ADJUST 


10  100  t.OOO  10,000100,0001  MEG 

total  load  resistance 


FIG.  3 — Bridge  voltage  regulation  curve 


FIG.  4 — This  d-c  amplifier  circuit  acts  as  the  detector  of  bridge  unbalance 
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Toleronce-aelecting  contact! 


The  circuit-indicating  dial  it  mounted  on  thaft  of  die  120-potition  selector  switch 


The  tolerance  switch  on  the  in¬ 
strument  is  grounded  through  50,- 
000  ohms,  whereas  the  arm  on  the 
selector  switch  is  grounded  directly. 
Hence,  when  the  selector  hits  a  cir¬ 
cuit 'where  a  jumper  has  been  in¬ 
stalled,  the  bias  will  be  established 
by  the  jumper  and  not  by  the  main 
tolerance  switch. 

The  shunting  effect  of  one  circuit 
on  the  other  creates  negligible 
error.  With  the  switch  and  jump¬ 
ers  as  shown  in  Fig.  7,  circuits  44, 
47,  48,  40,  and  50  will  be  measured 
to  10  percent  tolerance.  Circuit  46 
FIG.  5— Operation  of  the  electronic  short-  will  be  measured  at  5  percent,  cir- 
ing  switch  formed  by  the  diodes  of  Fig.  4  cuit  45  at  20  percent,  and  circuit  43 

will  not  be  measured  at  all  since  the 
bias  available  on  the  oo  jumper 
point  is  greater  than  the  maximum 
signal  the  amplifier  can  handle. 

The  VR75  and  its  associated  re¬ 
sistors  are  inserted  as  a  refinement 
to  make  the  instrument  nearly  inde¬ 
pendent  of  line  voltage.  As  pointed 
out,  the  bridge  supply  voltage  is 
proportional  to  the  line  and  one 
would  therefore  expect  the  signal 
at  the  thyratron  grid  to  be  propor¬ 
tional  to  the  line.  If  this  were  true, 
and  if  the  thyratron  firing  point 
did  not  vary  with  line  voltage,  the 
requirement  would  be  satisfied  by 
leaving  the  thyratron  bias  propor¬ 
tional  to  the  line  also. 

The  selector  switch  is  stepped 
once  per  second  by  a  tube-operated 
relay  as  long  as  circuits  are  en¬ 
countered  whose  errors  do  not  ex¬ 
ceed  the  tolerances  set  up.  How¬ 
ever,  when  the  thyratron  fires,  its 


dotted  lines  in  the  circuit  of  Fig.  4. 

Figure  5  indicates  the  method  of 
diode  operation.  Since  V,  and  V, 
conduct  together,  the  voltages  Vet 
and  Vdb  are  half  sinewaves  and  oc¬ 
cur  at  the  same  time.  If  E„  is  zero, 
and  V,  removed,  the  contact  poten¬ 
tial  of  Vt  appears  across  AB  except 
when  it  is  cut  off  by  the  voltage  Fc«. 
At  those  times  the  voltage  V.i*  is 
zero.  Similarly,  if  V,  is  replaced  and 
removed,  square  waves  of  oppo¬ 
site  polarity  are  generated  across 
AB  due  to  the  contact  potential  of 


JYJY^ 


'^AB  Eq*  0 

Vfc  REMOVED 


V^B  Eo*0 

'^5  REMOVED 


'^AB  WITH  ^0  ADJUSTED 
FOR  BALANCE.V^  AND  VgIN 

Vab  with  Eq  i.o 
volt  larger 


If  both  Vi  and  V,  are  replaced, 
Eo  may  be  adjusted  for  balance, 
since  it  discourages  one  diode  and 
encourages  the  other.  At  balance, 
the  voltage  AB  is  zero  except  for 
insignificant  spikes  of  brief  dura¬ 
tion  at  the  end  of  each  half  cycle. 

If  Eo  is  increased  by  1.0  volt,  one 
of  the  upper  diodes  will  remain  con¬ 
ducting  until  the  input  voltage 
from  the  lower  diodes  has  become 
one  volt  greater.  The  result  is  that 
diodes  F*  and  F«  act  as  switches 
which  open  and  close  across  AB. 
Once  Eo  has  been  set  at  balance,  the 
output  from  the  circuit  will  be 
square  waves  whose  peak  to  trough 
amplitude  equals  any  change  in  Eo> 
The  battery  and  resistor  across  AB 
may  now  be  forgotten  and  the  cir¬ 
cuit  is  seen  to  be  a  d-c  amplifier 
plus  an  electronic  shorting  switch. 

With  suitable  heater  voltage  con¬ 
trol,  the  circuit  of  Fig.  4  will  drift 
less  than  two  millivolts  after  a 
warmup  time  of  one-half  hour.  In 


this  particular  application  no  heater 
voltage  regulation  is  necessary. 

The  amplifier,  rectifier,  and  filter 
are  indicated  in  Fig.  6.  Half  of  a 
6SN7  is  used  as  the  gain  stage,  the 
other  half  being  used  as  a  shunt 
rectifier.  This  yields  an  output  of 
square  waves  standing  on  the  axis, 
rather  than  being  symmetrically 
disposed  about  it.  Thus  the  final 
value  of  filtered  d-c  is  twice  as  great 
as  would  have  been  obtained  with  a 
series  rectifier. 


Thyratron  Relay 

The  complete  thyratron  circuit  is 
shown  in  Fig.  7.  Essentially  it  is 
a  normal  a-c  thyratron  and  relay 
circuit  with  a  variable  bias  inserted 
between  cathode  and  ground  to  per¬ 
mit  selection  of  several  firing 
points. 
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relay  prevents  further  stepping  and 
the  switch  stops  and  waits  upon 
that  circuit.  A  reject  is  not  imme¬ 
diately  indicated.  Instead  voltage 
is  applied  to  a  5-second  delay  circuit 
consisting  of  a  resistor,  capacitor, 
and  another  tube-operated  relay. 
Upon  operation  of  this  relay  a  re¬ 
ject  is  indicated  and  the  operator 
must  manually  step  the  switch  to 
the  next  position  by  means  of  a  key. 

If  the  unbalance  had  dwindled  dur¬ 
ing  the  5-second  interval  so  that  the 
thyratron  went  out,  the  switch 
would  have  continued  on  auto¬ 
matically.  The  delay  is  necessary 
to  avoid  spurious  rejects  of  long 
time  constant  circuits  where  the 
resistors  might  be  correct  but  the 
capacitors  considerably  different. 

Choice  of  ToleroNcot 

The  bridge  is  arranged  to  be  com¬ 
pletely  set  up  without  accessory  ap¬ 
paratus.  Accordingly,  step  0  of 
the  selector  switch  is  occupied  by 
standard  resistors,  normally  set  to 
represent  a  10-percent  unbalance. 
If  the  gain,  bias,  and  balance  ad¬ 
justments  are  made  using  these 
standards,  the  available  tolerances 
will  be  5,  10,  and  20  percent.  One 
standard  may  be  varied  slightly  by 
means  of  a  calibrated  rheostat. 
This  makes  possible  a  choice  of  tol¬ 
erance  groups  at  4-8-16  or  6-12-24 
percent.  Similar  groups  between 
these  limits  may  be  chosen.  It  is 
assumed  that  the  usual  choice  of  a 
tolerance  group  will  be  6-12-24,  for 
chassis  containing  chiefly  10-per- 
cent  resistors.  The  24-percent  tap 
will  then  be  available  for  measuring 
volume  controls,  and  the  6-percent 
tap  for  more  precise  circuits. 

Staadard  Chassis 

A  standard  chassis  must  be  built 
to  represent  accurately  the  group  of 
production  samples  to  be  measured. 
In  general  the  standard  need  con¬ 
tain  only  precision  resistors.  How¬ 
ever,  considerable  time  will  be 
saved  by  duplicating  long  time  con¬ 
stant  circuits  so  that  the  bridge  will 
not  need  to  hesitate  so  often.  Ac¬ 
cordingly  large  capacitors  should 
also  be  included.  Note  from  Fig. 
1  that  any  polarized  circuit  ele¬ 
ments  should  be  electrically  in¬ 
verted  in  the  standard  chassis. 
Small  air-core  coils  may  well  be 
used  to  represent  themselvCs,  but 


FIG.  6 — Circuit  of  amplifior-roctilier  itaqo 


iron-core  chokes  and  transformers 
may  be  replaced  by  resistors.  Since 
the  short-circuit  current  from  the 
bridge  supply  is  about  0.7  ampere, 
a  check  of  low-resistance  grounded 
circuits,  such  as  r-f  and  i-f  coils, 
will  detect  0.4  ohm  differences  if 
the  chosen  tolerance  is  5  percent. 
Thus,  some  shorted  tuning  and 
trimmer  capacitors  can  be^detected. 

The  resistor  values  used  in  a 
standard  chassis  are  not  the  nomi¬ 
nal  values.  A  production  run  of 
chassis  containing  1,000-ohm  re¬ 
sistors  cannot  be  properly  checked 
if  the  standard  chassis  has  pre¬ 
cision  1,000-ohm  resistors  in  the 
equivalent  circuits. 

A  simple  computation  will  indi¬ 
cate  the  reason  for  this.  Consider 
the  bridge  of  Fig.  1  with  20  volts  as 
the  bridge  voltage  and  an  unknown 
one  percent  different  from  the 
standard,  such  as  990  ohms  and 
1,000  ohms  respectively.  The  com¬ 


puted  unbalance  voltage  is  0.05 
volt.  Since  the  amplifier  and  de¬ 
tector  are  a  linear  system,  the 
bridge  will  therefore  recognize  5 
percent  as  0.25  volt,  10  percent  as 
0.5  volt,  and  20  percent  as  1.0  volt. 
Computing  the  unbalance  for  1,200 
ohms,  or  20  percent  high,  the  value 
becomes  0.91  volt.  Computing  the 
unbalance  for  an  unknown  of  800' 
ohms,  or  20  percent  low,  the  voltage 
calculated  is  1.11  volt.  Thus,  a  high 
value  of  resistance  gives  too  little 
unbalance  voltage  and  a  low  value 
gives  too  much. 

The  remedy  is  to  choose  the 
standard  somewhat  lower  than 
1,000  ohms.  The  proper  size  for 
the  standard  may  be  easily  com¬ 
puted  from  the  formula  P  =  0.005 
Q*  where  Q  is  the  percent  tolerance 
at  which  a  resistor  is  to  be  checked 
and  P  is  the  percent  low  to  select 
the  standard.  For  example:  if  a 
1,000-ohm  resistor  is  checked  to 
10  percent  tolerance,  P  =  0.005 
(10)*  =  0.5.  Therefore  the  stand¬ 
ard  should  be  0.5  percent  low  or  995 
ohms.  For  maximum  accuracy  the 
standards  should  be  chosen  in  this 
manner.  This  consideration  is  par¬ 
ticularly  important  when  the  toler¬ 
ance  setting  is  high.  At  20  percent 
tolerance,  if  the  nominal  value  were 
used  as  the  standard,  the  bridge 
would  accept  resistors  lying  be¬ 
tween  18.2  percent  low  and  22.2  per¬ 
cent  high. 
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NY— Boston  Microwave 

New  seven-station  radio  relay  operating  in  3,700  to  4,200-mc  band  provides  two  5-mc 
channels  in  each  direction  over  220-mile  route.  Horn  antennas  with  metal  focussing  lenses 
provide  total  gain  of  100,000,000  per  hop.  Unique  frequency  control  systems  are  used 
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Cnt'OwaT  Tiew  oi  typical  radio  relay  itation.  Emergency  power  equipment  and  storage 
botteries  are  on  first  floor.  The  four  microwave  repeaters,  two  for  each  direction,  ore 
on  the  second  floor,  with  waveguide  feed  to  the  metal-lens  horn  antennas  on  a 
platform  above  the  roof 
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Mop  of  new  Bell  System  220-mile  radio  relay  route  between  New  York  and  Boston. 
Repeater  stations  are  on  carefully  chosen  hilltops  to  give  line-of-sight  paths 


Heralding  network  television 
operations  serving  the  entire  - 
.middle  Atlantic  region,  the  formal 
opening  November  13  of  the  Bell 
System  microwave  radio  relay  be¬ 
tween  New  York  and  Boston  fea¬ 
tured  a  telecast  by  ten  stations  in 
New  York,  Philadelphia,  Baltimore, 
Washington,  and  Schenectady. 

A  feature  of  the  demonstration 
was  transmission  of  a  television  test 
pattern  to  Boston  and  back  twice 
by  radio,  using  both  microwave 
channels  in  both  directions  as 
a  double  loop  for  this  purpose  so 
that  the  television  signals  actually 
traveled  a  total  of  880  miles  before 
reaching  the  receivers. 

Technical  Features 

The  New  York-Boston  relay  sys¬ 
tem  uses  four  frequencies  in  the 
3,700  to  4,200-mc  band.  These  fre¬ 
quencies  are  utilized  in  the  manner 
shown  in  Fig.  1,  with  incoming  and 
outgoing  carrier  frequencies  differ¬ 
ing  by  40-mc  at  each  repeater  to 
avoid  crosstalk. 

Identical  broadband  horn  anten¬ 
nas  with  metal  focussing  lenses  are 
used  at  all  stations.  Each  receiving 
antenna  has  two  input  frequencies, 
one  for  the  regular  channel  and  one 
for  a  standby  channel,  with  signal 
separation  being  achieved  by’  new 
types  of  filter  sections  inserted  in 
the  wave  guides.  On  the  roof  of 
each  repeater  station  are  four  an¬ 
tennas,  two  facing  along  the  route 
toward  New  York  and  two  toward 
Boston.  The  mouth  of  each  antenna 
is  10  feet  square  and  horn  length 
is  ten  feet;  each  antenna  has  a  gain 
of  10,000,  or  40  db,  making  reli¬ 
able  relay  operation  possible  under 
all  weather  conditions  with  a  trans¬ 
mitter  power  of  less  than  1  watt. 
Beam  width  of  the  horn  antennas  is 
only  2  degrees. 
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Microwore  amplifier  with  corei  remoTed  for  adiustment  of  slug  in  tuning  cority. 
Tubes  are  two-gap  yelocity-modulation  types  mounted  in  slug-tuned  carities,  with  coax 
feed  between  corities.  Cops  corer  cathode  ends  of  tubes;  anode  ends  prelect  into 
air-cooled  chamber  behind 


There  are  four  repeaters  at  each  signal  output  of  the  f-m  oscillator- 
)f  the  seven  hilltop  stations,  one  limiter-amplifier  unit  is  fed  into  a 
for  use  and  one  for  standby  in  balanced  modulator  along  with  a 
;ach  direction.  Each  repeater  is  a  3,865-mc  local  oscillator  signal  to 
broadband  amplifier  station  capable  give  the  desired  3,930-mc  carrier 
)f  handling  substantially  any  type  signal.  This  is  boosted  23  db  in 
af  signal  using  any  kind  of  signal  level  by  a  microwave  amplifier  con- 
modulation  having  a  bandwidth  up  taining  four  type  WE  402-A  two- 
to  6-mc  wide.  Gain  is  constant  gap  velocity-modulation  amplifier 
within  0.1  db  over  the  entire  10-mc  tubes  of  the  “Samuel”  type,  with 
bandwidth  characteristic  of  the  the  last  tube  delivering  a  power 
repeater.  output  of  somewhere  between  0.5 

At  present,  frequency  modulation  and  1.1  watts  on  a  frequency  of 
with  a  low  index  is  being  used,  with  3,930  me. 

a  total  swing  of  4-mc.  This  makes  The  3,865-mc  local  oscillator  fre- 
it  possible  to  run  the  high-level  quency  is  generated  by  a  reflex  kly- 
amplifier  stages  near  their  over-  stron  of  the  Shepherd-Fierce  type, 
load  points,  at  maximum  output.  The  output  frequency  of  this  oscil¬ 
lator  is  compared  with  the  resonant 
Circuit  Details  frequency  of  a  silver-plated  invar 

The  basic  circuit  used  for  trans-  cavity,  and  the  error  signal  output 
mitting  terminals  is  shown  in  block  of  the  frequency-comparing  circuit 
diagram  at  the  top  of  Fig.  2..  The  is  used  to  drive  a  servo-motor- 
65-mc  frequency-modulated  picture-  driven  potentiometer  that  adjusts 
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Repeater  rack  for  two  channels.  The  two 
carrier  frequencies  from  the  receieing  an¬ 
tenna  come  down  one  woreguide  ond  are 
separated  by  wareguide  filters  in  the  upper 
wye  while  amplified  signals  on  two  new 
corrier  frequencies  for  the  next  hop  loin  in 
the  lower  waxeguide  wye  to  go  up  to  the 
transmitting  horn 


the  frequency  of  the  klystron  by 
varying  its  repeller  voltage. 

Repeater  Circuit  Features 

Frequency  values  for  one  of  the 
repeaters  are  given  in  Fig.  2 
(center  diagram)  to  illustrate  the 
basic  repeater  circuit  arrangement 
used.  The  3,930-mc  signal  from  the 
receiving  antenna  comes  down  a 
waveguide  to  a  branching  filter, 
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FIG.  1 — Block  diagram  of  complete  New  York-Boeton  microwore  relay  proTiding  two  yideo  channels  in  each  direction.  Dotted  lines 
show  how  channels  were  interconnected  at  i-i  amplifier  points  during  opening  demonstration  to  giTO  880-mile  relay  equiralent  to 
.  distance  from  New  York  to  Chicago. 


TRANSMITTING  TERMINAL 


REPEATER 


RECEIVING  TERMINAL 


FIG.  2 — Block  diograms  showing  details  of  terminal  equipment  and  typical  repeater. 
Use  of  only  four  different  carrier  frequencies  on  route  permits  standardization  and 
interchangeability  of  equipment 


comprised  of  a  wye  section  of  wave¬ 
guide  with  a  filter  section  inserted 
in  each  arm  of  the  wye.  The  filter 
accepts  the  correct  signal  and  re¬ 
jects  the  signal  200-mc  away  (4,130- 
mc  in  this  case,  as  indicated  in  Fig. 
1)  that  is  also  coming  down  the 
waveguide  for  the  standby  channel. 

The  correct  3,930-mc  input  signal 
reaches  a  balanced  modulator  em¬ 
ploying  sensitive  silicon  crystals  as 
nonlinear  elements,  with  the  wave¬ 
guide  equivalent  of  a  hybrid  coil 
being  used  to  feed  this  signal  and 
the  3,865-mc  oscillator  signal  to  the 
crystals. 

The  oscillator  signal  in  turn  is 
obtained  from  another  balanced 
modulator  5fed  by  a  40-mc  crystal 
oscillator  and  by  a  3,905-mc  kly¬ 
stron  oscillator  and  frequency -stabi¬ 
lizing  circuit.  The  result  is  a  65-mc 
i-f  output  that  undergoes  two  stages 
of  amplification  in  a  unit  at  the  end 
of  the  waveguide.  This  preampli¬ 
fier  uses  a  grounded-grid  tube  hav¬ 
ing  low  noise,  and  a  tube  similar  to 
the  6AK5  but  having  about  twice 
the  figure  of  merit. 

From  here  the  signal  goes  by 
coaxial  cable  to  the  main  i-f  ampli¬ 
fier,  and  thence  to  a  balanced  modu¬ 
lator  that  is  fed  by  the  3,905-mc 
microwave  oscillator  to  give  the  de¬ 
sired  3,970-mc  output  carrier  fre¬ 
quency — just  40  me  higher  than  the 
input  carrier  frequency. 

The  local  microwave  oscillator 
frequency  thus  cancels  out  as  an 
error  source;  since  the  40-mc  crys¬ 
tal  oscillators  offer  frequency  ac¬ 
curacy  far  better  than  is  needed, 


there  are  no  cumulative  frequency 
errors  in  the  entire  relay  system. 

At  the  receiving  terminal  in 
Boston  for  the  channel  under  dis¬ 
cussion,  video  frequency  values 
would  be  as  indicated  at  the  bottom 
of  Fig.  2.  Sound  portions  of  tele¬ 
vision  programs  are  transmitted  by 
land  wire  for  this  experimental 
relay  system. 

Since  time  delay  differences  for 


different  frequencies  in  the  band 
transmitted  are  cumulative  for  the 
seven  relay  stations,  equalization  of 
the  delay  was  required.  The  final 
system  has  been  equalized  to  within 
50  millimicroseconds  for  all  fre¬ 
quencies  in  the  5-mc  bandwidth 
handled,  which  is  appreciably  less 
than  the  time  of  one  picture  element 
and  is  therefore  not  a  cause  of  pic¬ 
ture  distortion. — J.M. 
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Temperature  Coefficients 
in  Electronic  Circuits 


Factors  influencing  frequency-temperature  stability  of  tuned  circuits  are  analyzed  to 
determine  design  criteria  for  circuit  elements.  Application  of  these  criteria  permitted 
development  of  an  airborne  transmitter  having  negligible  frequency  drift 


By  CHESTER  I.  SOUCY 


Chief  Engineer,  Electronice  Division, 
Canadian  Aviation  Electronics,  Ltd., 
Montreal,  P,  Q.,  Canada 


From  Eq.  1,  it  follows ‘that  change  as  a  result  of  thermal  vari- 

ations,  the  frequency  temperature 
o  or  6  =  2  j  yj ,  (2)  coefficient  is 

where  a  is  the  capacitive  temper¬ 
ature  coefficient,  equal  to  |dC/C| 
and  b  is  the  inductive  temperature 
coefficient,  equal  to  |dL/L|. 

Where  inductance  and  capaci-  Design  of  coils  and  capacitors 
tance  in  the  tuned  circuit  both  with  low  temperature  coefficients 


OF  the  few  studies  of  the  effects 
of  temperature  coefficients  on 
electronic  circuits  which  have  been 
published  during  recent  years,  some 
have  presented  views  which  conflict 
with  respect  to  theoretical  princi¬ 
ples,  or  which  are  in  disagreement 
with  experimental  results.  These 
disagreements  are  due  chiefly  to  the 
disregard  of  theoretical  factors 
whose  importance  has  been  recog¬ 
nized  only  recently. 

Of  major  interest  in  governing 
the  resonant  frequency  of  an  R-L-C 
circuit  are  (1)  inductive  temper¬ 
ature  coefficients  of  coils,  leads  and 
wiring;  (2)  capacitive  temperature 
coefficients  of  fixed  and  variable  ca¬ 
pacitors,  inter-electrode  capaci¬ 
tances  in  tubes,  and  capacitances 
between  terminals,  switch  contacts 
and  wiring;  and  (3)  resistive  tem¬ 
perature  coefficients  of  resistors. 
Resistive  coefficients  are  of  im¬ 
portance  because  changes  in  circuit 
resistances  affect  tube  operating 
voltages  and  can  thus  produce  fre¬ 
quency  changes. 

Parameter  and  Frequency  Coefficients 

If  /  represents  the  frequency, 
and  L  and  C  the  inductance  and  ca¬ 
pacitance,  respectively,  of  an  L-C 
circuit,  then  it  can  be  shown  that 


Frequency  Drift  Compensation 


Table  I — Temperatiire  Coefficients  of  Dielectrics 


Equation  1  is  valid  for  frequency, 
inductance  and  capacitance  changes, 
all  occurring  over  the  same  range 
of  temperatures. 
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Material 

1 

Temperature  Coefficient  | 
(Parts  per  Million  per  1 

Degree  C)  | 

Permittivity  |  Expansion 

Permittivity 

(Dielectric 

(Constant) 

Polyvinvl  Chloride  (Geon  No.  20 16) .  . 

i 

7,110“ 

30 

3.5 

Phenolic,  molded**  (BIM-120  Bakelite) 

3,940 

30  to  40 

4.2 

Glass,  white  Hint* . 

2,000 

7  5 

Phenolic,  laminated . . 

1,0.55  to 

17  to  30 

5.5 

1,290* 

Glass,  Pyrex* . 

600 

3.2 

4.5 

Ebonite*  (hard  rnhlier) . 

500 

70  to  80 

3.0 

Cordierite**,  ceramic  (Alsimag  No. 

202) . 

500 

1.6 

5.0 

Porcelain* . 

500 

3.5 

5.4 

Phenolic,  mica-iilled  aniline  formalde- 

hyde  (Resinox  No.  7013) . 

400* 

4.3 

Steatite* . 

1.50 

8.0 

6.5 

Mica* . 

20  to  100 

3.0 

7.0 

Fused  silica** .  . 

50 

0.5 

3.85 

Mycalex^ . 

10  to  11 

7.5  to  9.2 

Polystyrene**  (Victron  white). 

—  35 

70 

2.4  to  2.9 

Titanium  Du)xide**  '* 

—  1,800  (max) 

6  to  10 

90  to  170 

Paraffin  wax** . 

-1,930‘ 

130 

2.5 

Water**'* . 

-3,600« 

1  ’ 

1 

195 

80 

Notes:  “Data  from  mf^.  Varies  widely  with  temperat»u'e  and  frectuency. 

This  figure  valid  for  15-70  C,  60  cps.  | 

*Figure  obtained  from  tests  on  bandswitches. 

‘Approximate  only. 

‘'Data  from  mfgr. 

•Approximate  data.  Varies  with  temperature  and  becomes  positive 
above  10*®  cps.  This  figure  valid  at  2.5  C,  up  to  100  me. 

Numerical  superscripts  refer  to  references  cited  in  text. 

for  use  in  fixed-frequency  circuits, 
or  the  compensation  of  these  ele¬ 
ments  is  relatively  simple.  But  for 
variable-frequency  circuits  the  de- 
sigrn  problem  is  complicated  by  the 
fact  that  inductive  temperature  co¬ 
efficients  of  coils  vary  with  fre¬ 
quency  and  corresponding  coeffi¬ 
cients  of  variable  tuning  capacitors 
change  with  rotor  position.  Few 
discussions  of  drift  compensation 
have  pointed  out  the  fact  that  in 
a  variable-frequency  circuit  using 
a  fixed  inductor,  the  inductive  tem¬ 
perature  coefficient  must  be  com¬ 
pensated  by  an  inductive  compo¬ 
nent  over  the  frequency  range  of 
tuning.*  If  a  capacitor  should  be 
used  for  compensation,  its  capaci¬ 
tance  change  Ca  would  have  to 
vary  according  to  the  inverse 
square  of  the  frequency,  an  im¬ 
possible  requirement  for  a  single 
compensator.  Thus,  despite  the 
fact  that  the  use  of  a  single  com¬ 
pensating  capacitor  would  permit 
simpler  and  more  economical  de¬ 
sign,  the  most  satisfactory  solution 
to  the  problem  of  reducing  fre¬ 
quency  drift  in  variable-frequency 
L-C  circuits  is  to  design  fixed  in¬ 
ductors  with  an  inductive  temper¬ 
ature  coefficient  as  near  as  possible 
to  zero.  On  the  other  hand,  with 
variable  inductance  tuning  and  va¬ 
riable  permeability  tuning,*  the  use 
of  capacitors  for  compensation 
proves  more  satisfactory. 

Inductive  Coefficent  Components 

It  is  important  to  realize  the  er¬ 
ror  in  the  common  conception  that 
the  inductive  temperature  coeffi¬ 
cient  depends  solely  or  even  princi¬ 
pally  upon  the  thermal  coefficients 
of  linear  expansion  of  the  conductor 
and  coil  form.  In  addition  to  the 
factor  of  linear  expansion,  Grosz- 
kowski  showed  in  1937*,  that  the 
inductive  temperature  coefficient  is 
influenced  by  eddy  current  or  “in¬ 
ternal  inductance”  effects,  as  well 
as  by  skin  effect  in  the  conductor 
and  self  capacitance  as  noted  by 
previous  investigators. 

Bloch*  investigated  the  relative 
magnitude  of  the  different  com¬ 
ponents.  Measurements  on  a  small 
coil  of  68  turns  of  No.  28  copper 
wire  indicated  an  inductive  tem¬ 
perature  coefficient  of  (20  d=  1) 
X  10'*  per  degree  C.  Conductor  skin 
effects  and  Groszkowski’s  eddy-cur- 
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FIG.  1 — Inductive  temperature  coeiiicient 
as  a  function  of  number  of  turns  (pr 
coils  having  small  self  inductance,  wound 
on  low-expansion  forms.  Difference  between 
measured  and  calculated  values  is  the 
internal  inductance  component 


variation  with  frequency  of  inductive  tem¬ 
perature  coefficient  of  a  small  coil 


FIG.  3-r-Temperature  cycling  measurements 
yielded  data  for  this  frequency  shift-tern- 
peroture  characteristic  of  a  small  low- 
expansion  coil.  Thermal  lag  of  coil  parts 
causes  segment  AB  to  deviate  from  main 
part  of  curve  and  results  in  displacement 
of  retrace  curve 

rent  effects  were  grouped  together 
as  the  internal  inductance  compo¬ 
nent,  since  both  effects  depend  upon 
penetration  of  the  turns  of  the  con¬ 
ductor  by  the  magnetic  field  and 
upon  the  coefficient  of  resistivity  of 
the  conductor  which  affects  such 


penetration.  The  calculated  values 
of  the  components  of  inductive  tern 
perature  coefficient  were;  compo¬ 
nent  due  to  linear  expansion  of  coil, 
8  X  lO"*  per  degree  C;  internal-in¬ 
ductance  component,  13  x  lO"*  per 
degree  C ;  and  self-capacitance  com¬ 
ponent,  1  X  10  *  or  2  X  10  *  per 
degree  C. 

Figure  1  shows  the  variation  in 
inductive  temperature  coefficient 
with  number  of  turns  for  two  coils 
having  small  self  capacitance,  each 
wound  on  a  skeleton  glass-bonded 
mica  form  with  small  axial  expan¬ 
sion  coefficient  (8.8  X  1  O'*  per  de¬ 
gree  C).“  The  discrepancy  between 
calculated  and  measured  values  is 
accounted  for  by  the  internal  induc¬ 
tance  component.  Note  that  the  tem¬ 
perature  coefficient  varies  almost 
linearly  with  the  number  of  turns. 
This  fact  is  significant  for  the  case 
of  variable-inductance  tuning,  and 
for  tapped  and  variometer  coils. 

Self  Capacitance  of  Ceils 

,  In  some  coils,  the  conductors  are 
embedded  in  grooves  or  in  slots  in 
the  supporting  insulation,  or  the 
conductors  may  be  fired  or  depos¬ 
ited  electrolytically  on  ceramic  or 
glass  forms.  Such  coils  will  have 
greater  distributed  capacitance 
than  those  consisting  of  a  single 
self-supporting  layer  or  of  round 
conductor  wound  on  a  smooth  form. 
Multilayer  coils  and  closely  wound 
solenoids  have  higher  values  of  dis¬ 
tributed  capacitance  because  of  the 
decreased  spacing  and  replacement 
of  air  between  turns  by  solid  insula¬ 
tion  of  higher  permittivity. 

Distributed  capacitance  of  a  coil 
increases  its  effective  inductance  to 
a  value  L',  as  indicated  by  the  for¬ 
mula 


in  which  C„  is  the  distributed  ca¬ 
pacitance,  <i)  is  the  angular  fre¬ 
quency,  and  L  is  the  inductance 
when  Co  is  not  taken  into  account. 
The  distributed  capacitance  of  a 
single-layer  solenoid  can  be  calcu¬ 
lated  readily,  and  rather  surpris¬ 
ingly,  does  not  depend  upon  the 
number  of  turns  but  upon  the  turn 
spacing  and  the  coil  and  conductor 
diameters.  Distributed  capacitance 
does  not  include  that  of  the  mass  of 
the  coil  to  ground  or  the  capacitance 
between  leads  or  terminals. 
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The  inductive  temperature  coeffi¬ 
cient  Y  due  to  self  capacitance*  is 


k  -}-  u?IX!  oo 
1  -  «*LCo 


(5) 


where  k  is  the  composite  temper¬ 
ature  coefficient  of  expansion  de¬ 
termined  by  the  coil  form  and  the 
conductor,  and  o  is  the  temperature 
coefficient  of  permittivity  of  the 
coil  form  or  other  dielectric  between 
turns.  Equation  5  indicates  that 
the  inductive  temperature  coeffi¬ 
cient  will  increase  with  frequency, 
with  the  temperature  coefficient  of 
permittivity  of  the  dielectric,  in¬ 
cluding  that  of  any  impregnant  or 
finish,  and  with  the  magnitude  of 
the  distributed  capacitance. 

The  magnitude  of  self-capaci¬ 
tance  effects  at  frequencies  above 
one-tenth  of  the  natural  resonance 
frequency  may  be  noted  from  Fig. 
2.  This  curve  shows  the  variation 
in  inductive  temperature  coeffi¬ 
cient  with  frequency,  calculated 
and  measured  by  Thomas®  for  a 
small  coil  having  the  conductor  de¬ 
posited  electrolytically  in  grooves 
in  a  ceramic  form.  As  the  natural 
frequency  of  this  coil,  10.9  me,  is 
approached,  the  temperature  coeffi¬ 
cient  rises  from  a  low  value  of  8  x 
10  *  per  degree  C,  approximately 
equal  to  the  expansion  coefficient  of 
the  ceramic,  to  nearly  1,000  x  10** 
per  degree  C.  Components  other 
than  expansion  and  self  capacitance 
were  small  in  this  particular  coil. 

Not  only  is  it  important  that  a 
coil  have  small  distributed  capaci¬ 
tance,  but  also  that  the  insulation 
have  a  small  temperature  coefficient 
of  permittivity.  The  scarcity  of  data 
on  this  coefficient  prompted  the 
writer  to  collect  the  information 
presented  in  Table  I. 


Practical  Coil  CoRstractioa 

The  writer’s  test  on  receiver  and 
small  transmitter  coils,  using  fin¬ 
ishes  having  a  neutral  effect,  cov¬ 
ered  a  range  of  temperature  coeffi¬ 
cients  from  4.1  X  10  *  per  degree 
C,  for  a  special  coil  with  silvered- 
invar  conductor  and  low-expansion 
ceramic,  up  to  60  x  10  *  per  degree 
C  for  a  low-frequency  antenna  coil. 
Temperature  coefficients  as  low  as 
1  X  10  *  per  degree  C  have  been  ob¬ 
tained  by  others  by  the  use  of  more 
complicated  designs.*-  *■  ^ 

One  of  the  basic  problems  in  coil 


Table  II — Temperature  Coefficients  of  Commercial  Copadton 


Type  of  Capacitor 


Temperature 
Coefficient 
(Parts  Mr  Million) 
per  Degree  C) 


Notes 


Fixed  ceramic  com¬ 
pensating 
Molded  mica 


-1,600  to  -1-150 
-|-.50  to  —500 


Linear  and  stable;  coefficient  varies 
at  low  frequencies*'** 

Writer’s  measurements.  Aging  has 
somewhat  variable  effect  on  ca¬ 


pacitance  shifts*'**. 


Molded  silvered 
mica 

Mica  compression 
trimmer 

Molded  paper  (JAN 
spec) 

Paper  (impregnated 
and  sealed) 

Variable  air  dr- 
electric: 

Ganged  receiver 
type  (ceramic  in¬ 
sulation,  no 
trimmer) 

Trimmer  (ceramic 
insulation;  at 
midposition) 
Vacuum  type  (GE 
Type  GL-1L38,  50 
nnt,  7,500  v) 


-250  to  -t-250 
-f  400  to  -f  800 
-20,000  to  -1-20,000 

-1-98  to  -1-28 

-1-136 
•  +27 


Writer’s  measurements.  Aging 
effect  about  1/5  that  of  mica  type. 
Writer’s  measurements. 

Variable.  Large  aging  effect. 

Vary  widely  with  temperature,  fre¬ 
quency,  and  type  impregnant**'** •**. 


VV'riter’s  measurements.  See  Fig.4. 


Writer’s  measurements. 

Manufacturer’s  rating.  Probably 
linear  and  stable. 


Note:  Numerical  superscripts  refer  to  references  cited  in  text. 


design  is  that  of  obtaining  induc¬ 
tance  that  is  stable  cyclically  with 
temperature  variations  and  also  has 
secular,  or  long  term,  stability.  For 
example,  self-supported  eingle-layer 
coils  are  found  to  have  poor  cyclical 
stability.  Figure  3  shows  results  of 
a  complete  temperature  cycling  test 
at  1.5  me  on  an  oscillator  coil  wound 
with  silvered  nickel-alloy  conductor 
on  a  ceramic  form  having  a  small 
expansion  coefficient. 

Tamperature  CoefRciants  ia  Capacitors 

Fixed  and  variable  air-dielectric 
capacitors  have  been  constructed, 
after  careful  design,  to  have  tem¬ 
perature  coefficients  as  low  as  1  x 
10  *  per  degree  C,  and  to  have  ex¬ 
cellent  retrace  characteristics  as 
well  as  secular  stability.^'  *■  *■  “  How¬ 
ever,  such  special  and  expensive 
constructions,  some  of  which  re¬ 
quire  low-expansion  plates  and 
spacing  elements  and  bimetallic 
compensators,  are  seldom  used  com¬ 
mercially. 

Considerable  use  has  been  made 
of  ceramic  compensating  capacitors 
in  tuned  circuits  of  receivers  and 
transmitters,’  *  despite  the  diffi¬ 
culties  and  compromises  in  compen¬ 
sation  usually  involved.  Although 


they  are  stable,  ceramic  types  have 
higher  r-f  losses  than  air-dielectric 
types,”  and  their  temperature  coeffi¬ 
cients  cannot  be  predicted  as  ac¬ 
curately  as  desired  before  firing. 
Ceramic  compounds  of  higher  per¬ 
mittivity  are  now  being  made  of 
various  mixtures  of  titanium  diox¬ 
ide  and  barium  titanate,  which  has 
a  permittivity  of  1,200,  or  other 
combinations  with  strontium  and 
calcium  titanates.”  Many  of  these 
compounds  have  linear  character¬ 
istics  with  temperature  and  fre¬ 
quency  at  above  10  to  50  cps.*’  ” 

The  capacitance  -  temperature 
shift  of  a  low-priced,  ganged  re¬ 
ceiver  tuning  capacitor,  employing 
phenolic  insulation  for  the  stator 
and  attached  trimmers,  was  found 
to  be  much  greater  than  that  of  a 
similar  unit  using  ceramic  insula¬ 
tion.  Capacitance  shift  and  temper¬ 
ature  coefficient  as  functions  of 
rotor  position  for  the  ceramic-insu¬ 
lated  capacitor  are  shown  in  Fig.  4. 

Humidity  Effects 

Changes  in  capacitance  of  air-die¬ 
lectric  capacitors  due  to  the  tem¬ 
perature  coefficient  of  permittivity 
of  air  are  negligible  in  most  cases, 
being  only  1.87  x  10**  per  degree  C 
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for  dry  air  at  20  C.  The  effect  of 
humidity  becomes  appreciable  at 
higher  temperatures,  amounting  to 
217  parts  per  million  for  a  change 
in  relative  humidity  from  0  to  100 
percent  at  50  C. 

Moisture  Films 

Of  more  importance,  is  the  effect 
of  films  of  moisture  on  capacitor 
plates  or  over  the  outer  surfaces  of 
coils,  that  is,  lying  within  the  elec¬ 
tric  field  between  turns.  Such  films 
are  of  particular  importance  when 
they  are  formed  over  thin  films  of 
oil  or  grease  on  metals,  thereby  in¬ 
creasing  the  effective  film  thickness. 
Table  I  shows  that  water  has  a  very 
high  temperature  coefficient  of  per¬ 
mittivity  as  well  as  a  high  dielectric 
constant.  Consequently,  frequency 
shifts  due  to  such  invisible  mois¬ 
ture  films  may  exceed  100  cycles  per 
me  even  before  absorption  of  mois¬ 
ture  occurs  in  insulating  materials. 
Obviously,  the  much  thicker  films 
formed  by  visible  condensation  will 
have  even  more  substantial  effects. 

It  is  generally  known  that  the  ab¬ 
sorption  of  moisture  by  solid  insu¬ 
lating  materials  increases  their  per¬ 
mittivities,  but  the  fact  that  water 
has  a  large  negative  temperature 
coefficient  is  not  so  well  known,  nor 
has  its  wide  variation  with  tem¬ 
perature  and  with  certain  temper¬ 
ature-frequency  combinations  been 
widely  recognized.”  “ 

Table  II  presents  data  on  the 
temperature  coefficients  of  capaci¬ 
tors  of  various  types.  Tests  made 
by  the  writer  showed  the  variation 
of  temperature  coefficient  for  com¬ 
mercial  mica  and  silvered-mica 
types  over  the  extreme  working 
range,  differences  between  units  of 
the  same  type  and  make,  and  their 
erratic  changes  with  time.“  Un¬ 
fortunately,  the  bulk  of  commercial 
grades  of  mica  and  silvered-mica 
capacitors,  such  as  are  used  com¬ 
monly  in  radio  receivers,  differ 
greatly  from  the  high  grade  com¬ 
ponents  referred  to  by  some  writ¬ 
ers,^’  ”•  ”  and  enjoy  a  better  reputa¬ 
tion  for  low  temperature  coefficient, 
cyclical  reliability,  and  permanence 
than  their  performance  under  ade¬ 
quate  temperature  tests  warrants. 

Tube  Capacitance  Changes 

The  input  capacitance  of  a  7A4 
tube  changes  about  0.17  /x/if  during 


the  first  fifteen  minutes  of  opera¬ 
tion.  For  a  6J5,  the  change  is  • 
about  twice  as  great.  In  receiver 
r-f  tubes,  the  change  in  interelec¬ 
trode  capacitance  is  about  one-fifth 
to  one-eighth  of  these  values.” 

For  an  assumed  circuit  capaci¬ 
tance  of  25  /i/if,  such  tube-capac¬ 
itance  shifts  cause  frequency  shifts 
of  3.4  kc  to  6.8  kc  at  a  nominal  fre¬ 
quency  of  10  me  for  7A4  and  6J5 
oscillators,  respectively.  When  cir¬ 
cuit  capacitance  is  large,  the  effect 
of  tube-warmup  shift  is  minimized, 
and  a  similar  order  of  capacitance 
change  in  bakelite  wafer-type 
switches,  sockets,  and  the  like,  is 
also  minimized. 

Wiriug  aad  Switching  Dnvient 

From  the  data  in  Table  I,  it  can 
be  seen  that  stray  circuit  capac¬ 
itances,  particularly  those  involv¬ 
ing  dielectric  materials  such  as 
phenols  and  other  plastics,  can 
cause  very  large  circuit  tempera¬ 
ture  coefficients  when  stray  capac¬ 
itance  is  a  large  fraction  of  total 
circuit  capacitance.  Ceramic  tube 
sockets  and  ceramic  and  glass- 
bonded  mica  insulation  for  contacts 
and  terminals  are  probably  the  best 
materials  where  frequency  stability 
is  critical. 

Tuned-Circuit  Resistance 

Wiring  and  leads  to  coils  and 
capacitors  also  undergo  changes  in 
inductance  with  temperature  due  to 
expansion  and  skin  effect.  The 
latter  varies  with  frequency  and 
size  of  conductor,  and  as  a  result, 
inductive  temperature  coefficients 
in  the  order  of  20  x  10  *  to 
60  X  10  *  per  degree  C  can  occur.” 

The  resonant  frequency  of  an 


FIG.  4 — Copacitance-tnmperatiue  shiit  and 
temperature  coefficient  for  a  ceramic-in¬ 
sulated  ganged  tuning  capacitor  as  func¬ 
tions  of  capocitance  setting 


R-L-C  circuit,  when  the  resistance 
is  taken  into  account  is  given  by 


V4LC  -  IPC* 


AuLC 


The  more  familiar  formula,  /  = 
l/2it\/f/U.  takes  no  account  of  the 
small  effect  of  circuit  resistance 
upon  the  frequency. 

An  example  will  illustrate  the 
contribution  of  resistance  in  a 
practical  case  of  an  R-L-C  circuit 
in  which  L  =  100  /ih,  C  =  100 
ixfxf  and  /?  =  10  ohms.  The  reso¬ 
nant  frequency  is  approximately 
1,592  kc.  The  resistance  factor  in 
the  numerator  of  Eq.  6  reduces 
this  frequency  12.5  parts  per  mil¬ 
lion,  or  19.9  cycles  in  this  example. 
For  a  resistive  temperature  coeffi¬ 
cient  for  annealed  copper  wire  of 
3,930  X  10  *  per  degree  C  at  20  C, 
the  resulting  frequency  tempera¬ 
ture  coefficient  would  amount  to  less 
than  one  part  per  million. 

This  low  calculated  value  checks 
with  the  maximum  value  found  by 
Tliomas'  in  checking  the  effect  of 
coil  resistance  in  a  test  oscillator. 
Under  the  poorest  operating  condi¬ 
tion,  he  found  the  maximum  fre¬ 
quency  temperature  coefficient  to  be 
1.2  parts  per  million. 

Therefore,  it  is  apparent  that  the 
only  serious  effect  due  to  changes  in 
coil  resistance  with  temperature 
are  the  resulting  changes  in  eddy 
currents  in  the  conductor  which 
affect  the  internal  inductance 
coefficient,  as  described  above. 


Resistor  Variations 


Resistors  that  control  tube  oper¬ 
ating  voltages  often  have  appre¬ 
ciable  resistive  temperature  coeffi¬ 
cients.  In  a  reasonably  well  designed 
commercial  radio  receiver,  the  oscil¬ 
lator  frequency  drift  is  not  likely 
to  exceed  300  parts  per  million  for 
a  change  of  10  percent  in  line  volt¬ 
age,  and  shifts  as  low  as  25  parts 
per  million  are  reported  for  perme¬ 
ability-tuned  oscillators.*  There¬ 
fore,  it  is  unlikely  that  shifts 
greater  than  a  few  parts  per  million 
per  degree  C  can  be  ascribed  either 
to  carbon  resistors  having  tempera¬ 
ture  coefficients,  usually  negative, 
between  600  x  10  *  and  8,900  x  10  * 
per  degree  C,  or  to  wire-wound  re¬ 
sistors  having  coefficients  of  200  x 
10  *  to  500  X  10  *  per  degree  C. 

The  mechanical  design  of  sets 
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and  components  must  be  such  that 
stressing  of  materials  beyond  elas¬ 
tic  limits  at  extreme  temperatures 
does  not  occur.  For  example,  wire 
on  a  coil  form  may  be  stressed  when 
i  the  coil  form  has  a  much  higher 
coefficient  of  expansion  than  the 
wire.  Buckling  of  chassis  or  struc- 
i  tural  members  must  also  be  avoided. 
The  nonlinearity  of  curve  1  in  Fig. 

5  is  probably  due  to  such  unequal 
expansion  effects.  In  drift  tests  on 
;  a  military  radio  receiver,  the  writer 
*  found  that  a  radical  change  or  re- 

Fversal  of  the  temperature  coefficient 
occurred  at  a  temperature  below 
freezing.  This  effect  was  traced  to 
I  leads  on  an  air-dielectric  trimmer 
capacitor  which  were  too  taut,  dis- 
I  torting  the  stator  assembly. 

Test  OR  Developmental  Transmitter 

A  number  of  the  factors  involved 
1  in  causing  frequency  drift  are  illus- 
^  trated  in  Fig.  5  which  depicts  the 
''  history  of  the  laboratory  develop¬ 
ment  of  a  radio  transmitter  for 
military  aircraft  use.  This  expe¬ 
rience  and  the  analysis  of  drift 
factors  resulted  in  replacement  of 
standard  commercial  parts  with 

E  components  having  lower  tempera¬ 
ture  coefficients.  Many  laborator¬ 
ies  probably  reached  similar  con¬ 
clusions  in  solving  such  design 
problems  during  the  war. 

Each  component  under  investiga¬ 
tion  was  mounted  in  the  tempera¬ 
ture-controlled  test  chamber  and 
was  used  to  control  the  frequency 
of  an  oscillator  beating  with  a 
crystal-controlled  oscillator.  Curve 
1  of  Fig.  5  shows  the  frequency 
drift  with  temperature  at  a  fre¬ 
quency  of  3  me  for  the  original 
oscillator  coil  assembly.  Despite 
the  fact  that  this  variable  inductor 
was  wound  on  a  grooved  ceramic 
form,  a  frequency  drift  of  630 
cycles  per  degree  C,  or  210  parts 
per  million,  was  observed  above 
room  temperature.  This  measure¬ 
ment  confirmed  the  original  sus¬ 
picion  that  the  coil  contributed 
largely  to  the  bad  drift  character¬ 
istics  observed  in  the  initial  model 
of  the  complete  transmitter.  The 
reduced  rate  of  drift  at  low  tem¬ 
peratures  was  probably  due  to  non¬ 
linear  expansion  effects  in  the  coil 
assembly. 

The  coil  frame  endpieces,  on 
which  the  terminals  were-  ' also 


illustrate  analysis  oi  drlit  in  development 
oi  an  airborne  transmitter.  Curve  1:  total 
circuit  drift  due  to  original  coil  with  bakelite 
endpieces:  curve  2:  component  produced 
by  coil  frame;  curve  3:  drift  from  reloy 
contact  plate;  curve  4:  drift  from  toggle 
switch;  curve  5:  component  from  rotor  coil; 
curve  6:  drift  obtained  with  revised  coil 
construction 

mounted  and  which  w^e  con¬ 
structed  of  high-grade  laminated 
phenolic,  were  tested  separately. 
Curve  2  indicates  that  these  end- 
pieces  contributed  to  the  circuit  a 
component  of  frequency  tempera¬ 
ture  coefficient  equal  to  90  x  10  * 
per  degree  C.  This  component  is 
nearly  half  that  due  to  the  whole 
coil  assembly,  and  results  from  the 
high  temperature  coefficient  of  per¬ 
mittivity  of  the  phenolie,  shown  in 
other  tests  to  be  of  the  order  of 
1,000  X  10  *  to  1,300  X  10  *  per  de¬ 
gree  C.  Other  components  employ¬ 
ing  phenolic  insulation  were  a  tog¬ 
gle  switch,  used  to  select  quartz 
crystals  for  fixed-frequency  opera¬ 
tion,  and  the  contact  mounting 
plate  of  a  band-change  relay. 
Curves  3  and  4  show  that  these 
parts  added  drift  components  of 
110  X  10'*  and  41  x  10  *  per  degree 
C  to  the  overall  result.  Although 
each  of  these  circuit  elements  con¬ 
tributed  only  a  few  n/xf  of  capac¬ 
itance  to  the  circuit,  their  capac¬ 
itance  changes  with  temperature 
were  large  enough  to  affect  seri¬ 
ously  even  the  stability  of  circuits 
employing  large  tank  capacitors. 

Redesign  of  Coil 

The  large  frequency  drift  was 
remedied  by  a  new  coil  design.  The 
new  coil,  of  slightly  reduced  size 
and  inductance,  employed  a  silver- 
jacketed  nickel-alloy  conductor  with 
a  temperature  coefficient  of  linear 
expansion  of  1  x  10  *  per  degree  C. 


This  coil  was  wound  on  an  Alsimag 
No.  202  grooved  ceramic  form  hav¬ 
ing  a  very  small  expansion  coeffi¬ 
cient  of  1.88  X  10  *  per  degree  C  as 
comnared  to  a  coefficient  of  6.34  x 
10‘*  per  degree  C  of  the  coil  form 
previously  used.  The  bakelite  end- 
pieces  were  replaced  by  aluminum 
plates  into  which  ceramic  bushings 
were  inserted  for  insulated  parts. 
The  new  coil  had  a  frequency  tem¬ 
perature  coefficient  of  only  19.5  x 
10  *  per  degree  C,  including  4.1  x 
10  *  per  degree  C  due  to  a  rotor  coil 
as  shown  in  curve  5,  indicating  an 
improvement  of  more  than  ten  to 
one.  The  drift  curve  obtained  with 
this  new  coil  is  shown  in  curve  6. 

The  toggle  switch  was  replaced 
with  a  rotary  type  employing  ce¬ 
ramic  insulation  and  the  relay  con¬ 
tacts  were  mounted  on  a  piece  of 
glass-bonded  mica.  A  large  ceramic 
capacitor  with  a  very  small  nega¬ 
tive  temperature  coefficient  was 
used  to  compensate  the  remaining 
positive  drift  components  due  to 
the  coil,  wiring  and  oscillator  tubes. 
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Peimanent  Magnet  Alloys 


Alloy 

Chemical  Compaeition 

MAGNETIC  DATA 

PHYSICAL  DATA  | 

Rmidual 

Flux 

Drnaity 

Br 

(sausa) 

Cor  reive 
Force 
He 

(or  ratada] 

Maximum 
Enrrgy 
Product 
(Bll)  max 
(SrerKs/cu 
cm)  X  10“* 

Bot 

(gauaa) 

Density 
(Ib/ou  in) 

Mean 

Coefficient  of 
Temperature 
Rxpanaion 
(20C,A00C) 
(inches/ 
lnch/"Cx  I0«) 

m\ 

0.65%  Carbon  Steel 

0.65  C,  0.85  Mn.  bal.  Fe 

10,000 

42 

0.18 

6,500 

0.283 

13.3 

18 

1  %  Carbon  Steel 

1  C,  0.50  Mn,  bal.  Fe 

9,000 

51 

0.20 

5,900 

0.282 

12.4 

20 

5%  Tungsten  Steel 

5W,  0.70C,  bal.  Fe 

10,500 

70 

0.33 

7,000 

0.292 

13.5 

28 

6%  Tungsten  Steel 

6W,  0.70C,  0.50  Mn,  0.50  Cr,  bal.  F 

e  9,500 

74 

0.33 

6,500 

0.294 

14.5 

30 

1%  Chrome  Steel 

0.90  Cr,  0.60C,  0.45Mn,  bal.  Fe 

9,500 

52 

0.23 

6,500 

0.282 

13.4  ’ 

23 

2%  Chrome  Steel 

2.15  Cr,  0.90C,  bal.  Fe 

9,300 

60 

•0.26 

6,300 

0.282 

13.1 

28 

Chrome  Steel 

3.5  Cr,  1  C,  0.50  Mn,  bal.  Fe 

9,500 

66 

0.29 

6,500 

0.281 

12.6 

29 

6%  Chrome  Steel 

6  Cr,  l.lC,  0.40  Mn,  bal.  Fe 

9,500 

74 

0..30 

6,200 

0.281 

12.2 

34 

9%  Cohalt  Steel 

9  Co,  0.90C,  1.25  W,  5  Cr,  bal.  Fe 

7,800 

122 

0.41 

5,100 

0.286 

14.0 

30 

17%  Cobalt  Steel 

17  Co,  0.70C,  8.25  W,  2.5  Cr,  bal.  F 

e  9,000 

170 

0.65 

5,900 

0..302 

15.9 

28 

36%  Cobalt  Steel 

36  Co,  0.80  C,  3.75  W,  5.75  Cr,  bal.  Fe  9,600 

228 

0.93 

6,300 

0.296 

17.2 

40%  Cobalt  Steel 

40  Co,  0.70C,  5W,  4.25  Cr,  bal.  Fe 

10,000 

242 

1.03 

6,500 

0.296 

17.4 

25 

Alnico  lA 

12  Al,  22.5  Ni,  5  Co,  bal.  Fe 

6,600 

540 

1.40 

4,100 

0.249 

12.6 

75 

Alnieo  IK 

12  Al,  21  Ni,  5  Co,  bal.  Fe 

7,100 

450 

1.40 

4,700 

0.249 

12.6 

75 

Alnico  IC 

12  Al,  19.5  Ni,  5  Co,  bal.  Fe 

7,600 

400 

1.40 

'5,200 

0.249 

12.6 

75 

Alnico  IIA 

10  Al.  18  Ni,  12.5  Co,  6  Cu,  bal.  Fe 

7,000 

630 

1.60 

4.200 

0.256 

12.4 

Alnico  11 B 

10  Al,  17  Ni,  12.5  Co,  6  Cu,  bal.  Fe 

7,500 

560 

1.60 

4,600 

0.256 

12.4 

65 

Alnico  lie 

10  Al,  16  Ni,  12.5  Co,  6  Cu,  bal.  Fe 

8,000 

425 

1.60 

5,500 

0.256 

12.4 

65 

Alnico  IIIA 

12  Al,  26  Ni,  bal.  Fe 

6,500 

560 

1.35 

4,000 

0.249 

13.0 

63 

Alnico  Illlt 

12  Al,  25  Ni,  Bal.  Fe 

7,000 

470 

1.35 

4,500 

0.249 

13.0 

63 

Alnico  me 

12  Al,  24  Ni,  bal.  Fe 

7,500 

400 

1.35 

5,000 

0.249 

13.0 

63 

Alnico  IV’A 

12  Al,  28  Ni,  5  Co,  bal.  Fe 

5,500 

7.30 

1.25 

.3,100 

0.2.53 

1.3.1 

75 

Alnico  IV  K 

12  Al,  27  Ni,  5  Co,  bal.  Fe 

6,000 

660 

1..30 

3,400 

0.253 

13.1 

75 

’Alnico  V 

8  Al,  14  Ni,  24  Co,  3  Cu,  bal.  Fe 

12,700 

650 

5..50 

10,400 

0.264 

11.3 

47 

•Alnico  VI K 

8  Al,  15  N  i,  24  Co,  3  Cu,  1  Ti,  bal.  Fe 

10,500 

760 

3.65 

7,100 

0.268 

11.4 

50 

•Alnico  VIC 

8  Al.  1 5  Ni,  24  Co,  3  Cu,  0.5  Ti,  bal.  Fe  1 1 ,000 

700 

4.00 

7.900 

0.268 

11.4 

50 

Alnico  XII 

6  Al,  18  Ni,  35  Co,  8  Ti,  bal.  Fe 

6,100 

1,000 

1.65 

3.200 

0.264 

11.0 

62 

Nipermag 

12  Al,  30  Ni,  0.4  Ti,  bal.  F'e 

5,600 

660 

1..34 

3,400 

0.249 

1.3.0 

66 

Sintered  Alnico  II 

10  Al.  17  Ni,  12.5  Co,  6  Cu,  bal.  Fe 

7,200 

5.50 

1..50 

4,400 

0.249 

12.4 

68 

Sintered  Alnico  IV 

12  Al,  28Ni,5Co,  bal.Fe 

5,500 

730 

1.25 

.3,100 

0.2.32 

1.3.1 

68 

(^unico  I 

50  Cu,  21  Ni,  29  Co 

3,400 

710 

0..300 

— 

— 

Cunico  II 

35  Cu,  24  Ni,  41  Co 

5,300 

4.50 

0.99 

3.400 

0.300 

— 

— 

•Cunife  I 

60Cu,20Ni,20Fe 

5,700 

590 

1.85 

4,200 

0.311 

— 

18 

•Cunife  II 

50  Cu,  20  Ni,  2.5  Co,  27.5  Fe 

7,.300 

260 

0.78 

4,700 

0.311 

— 

18 

Kemalloy;  Comol 

12  Co,  17  Mo,  bal.  Fe 

10,000 

230 

1.10 

6,900 

0.295 

— 

45 

•Vectolite 

30Fej0,,  44  Fe304,  26  Co^O, 

1,600 

900 

0..50 

940 

0.113 

—  225x10*  1 

Silmanal 

86.75  Ag,  8.8  Mn,  4.45  Al 

590 

6,.300# 

0.083 

292 

0.325 

A20.5 

26 

Vicalloy  1 

9.5  Va,  38.5  Fe,  52  Co 

9,000 

300 

1.00 

5,.500 

0.296 

11.2 

60 

•Vicalloy  II 

13  Va,  35  Fe,  52  Co 

10,000 

450 

3.00 

8,200 

0.29.3 

11.2 

60 

Platinum  Alloys 

77.8  Pt,  22.2  Fe 

5,830 

1,570 

3.07 

3,400 

_ 

A10.2 

_ 

1 

76.7  Pt,  23.3  Co 

4,500 

2,700 

4.00 

2,600 

— 

A11.4 

42 

New  KS  3.7  Al.  17.7  Ni,  27.2  Co,  6.7  Ti,  bal.  Fe 

7,150 

785 

2.03 

4,300 

A0.268 

All.7 

A55 

122 
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MECHANICAL  DATA 


Tensile 
Strength 
(as  us^) 
^/sq  in.) 

Trans¬ 

verse 

Modulus 

of 

Rupture 
(Ib/sq  In.) 

Hardness 
(as  used) 
BR-Brinell 
(RtU 

Rockwell) 

^300,000 

—  . 

^60-65  RC 

M300,000 

— 

(<>60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

A300,000 

— 

60-65  RC 

a300,000 

— 

60-65  RC 

4,000 

13,900 

45  RC 

4,000 

13,900 

45  RC 

4,000 

13,900 

45  RC 

3,000 

7,200 

45  RC 

3,000 

7,200 

45  RC 

3,000 

7,200 

45  RC 

12,0(K) 

22,500 

45  RC 

12,000 

22,.500 

45  RC 

12,000 

22,.51M) 

45  RC 

9,000 

24,000 

45  RC 

9,000 

24,000 

45  RC 

5,450 

10,500 

50  RC 

23,000 

45,000 

56  RC 

23,000 

45,000 

56  RC 

39,.500 

50,000 

58  RC 

10,500 

23,000 

45  RC 

65,000 

70,000 

43  RC 

60,000 

85,000 

42  RC 

100,000 

— 

200  BR 

100,000 

— 

200  BR 

100,000 

— 

200  BR 

100,000 

— 

200  BR 

— 

— 

60  RC 

nil 

— 

— 

Al  10,000 

— 

230  BR 

— 

— 

60  RC 

200,000  (65%  Red.) 

360,000  (90%  Red.)  ■“ 

60  RC 

103,000 

— 

210  BR 

— 

— 

— 

Nominal  magnetic,  physical,  and  mechanical  char¬ 
acteristics  of  42  types  of  magnet  steels,  cast 
magnets,  magnetic  alloys,  and  sintered  magnets 

-METHOD  OF  MANUFACTURE 

1.  So-called  magnet  steels,  usually  cast  in  ingots  and  hot-rolled  into  bars  and 
strips.  As-roUed  hardness  (depending  upon  section,  steel,  und  treatment) 
varies  from  approximately  25  RC  to  approximately  55  RC  and  material  is 
ordinarily  suitable  for  hot  forming  and  punching  operations  but  not  for  cold 
forming  or  machining  operations  unless  carbide  tools  are  used.  Material  may 
be  annealed  to  25-.15  Rockwell  C  in  the  case  of  cobalt  steels,  and  to  approxi¬ 
mately  15  RC  in  all  other  case^.  This  will  permit  of  ordinary  cold  machining 
operations  but  the  anneal  is  detrimental  to  magnetic  properties  and  should  be 
kept  as  light  as  possible.  After  forming,  material  is  hardened  (depending  on 
steel)  by  either  water  or  oil  quench  from  hardening  temperatun*.  Intricate 
shapes  may  be  cast. 

2.  So-called  cast  magnets.  Unlike  the  magnet  steels  which  are  frequently 

formed  and  hardened  by  the  consumer,  the  Alnicos  are  always  provided  in 
final  form  and  heat-treated  by  the  manufacturer.  (Grinding,  which  is  the  only 
finishing  or  machining  operation  practical,  may  be  performed  by  either  con¬ 
sumer  or  manufacturer.  Cast  of  final  shape  in  sand  molds  from  induction 
furnaces,  Alnico  is  a  hard,  weak,  and  brittle  material  but  possesst's  sutlicient 
strength  for  successfid  use  in  almost  all  permanent  magnet  applications.  May 
be  precision  cast.  Precipitation  hardening  alloys.  Alnicos  V  and  VI  heat- 
treated  in  magnetic  field  possess  properties  indicated  only  in  direction  estab¬ 
lished  by  this  field.  * 

3.  Same  characteristics  as  cast  Alnico  except  slightly  strongi'r  physically. 
Material  manufactured  by  mixing  component  powders,  pressing  to  final  shape, 
and  sintering.  Most  applicable  to  magnets  one  ouiice  or  less  in  weight. 

4.  Ordinarily  chill  cast  in  the  form  of  small  bars,  which  may  then  be  cold- 
rolled  to  strip  and  punched,  or  the  bars  may  be  machined  and  cut  to  size. 
(Material  not  hot  workable  as  of  date.)  Material  is  reasonably  malleable  and 
ductile  and  readily  machineable  both  before  and  after  its  final  heat  treatment 
(which  will  ordinarily  be  performed  by  the  manufacturer).  Intricate  shapes 
may  be  precision  cast  or  sand  cast.  Precipitation  hardened  alloy.  As  cast, 
hardm'ss  is  180  RR.  Magnets  may  also  be  sintered. 

5.  Sand  cast  in  form  of  small  bars  and  cold-drawn  or  rolled  to  wire  or  strip 
sizes.  Magnetic  prop(*rti*is  depend  upon  severe  cold  reduction,  and  those 
specified  are  in  direction  of  drawing  or  rolling  only.  Material  is  malleable, 
ductile,  and  machinable  both  Ix'fore  and  after  final  heat  treatment.  Heat 
treatment  performed  by  nianufacturer.  As  cast,  hardness  is  135  RR.  Material 
not  hot  workable. 

6.  Cast  in  ingot  form  and  hot-rolled  to  bars  and  strips,  which  may  then  be 
hot-l)ent,  hammered,  sheared,  punched,  or  cold-machined,  but  not  cold- 
formed  or  rolled.  As  cast,  hardnt*ss  is  20-40  RC.  A  precipitation  hardening 
alloy,  it  is  heat-treated  after  forming  or  machining  operations,  after  which  it 
may  lie  only  ground.  Quite  fragile  and  brittle.  Intricate  shapes  may  be  sand 
cast  and  machined  before  heat  treatment. 

7.  Component  oxides  are  mixed,  pressed  to  final  shape,  and  sintered  in 
oxidizing  atmosphere,  after  which  material  is  heat-treated  in  a  magnetic  field. 
The  magnetic  propertif's  indicated  are  in  direction  of  this  field  only.  Material 
very  weak  physically  but  may  be  ground  w  ith  proper  technique. 

8.  Cast  is  very  small  ingots,  homogenized,  and  cold  swaged  or  rolled  (prefer¬ 
ably  swaged)  to  small  bars.  Material  not  hot-workable.  Cold-working 
neces,sary  to  development  of  magnetic  properties,  although  material  not 
directional.  A  precipitation  hardening  alloy,  it  is  heat-treated  after  swaging. 
Ductile,  malleable,  and  machineal)le  both  before  and  after  final  heat  treat¬ 
ment.  Hardness  as  cast  is  100  RR ;  after  honyogenizing  or  solution  treatment — 
60  RR;  after  cold  swaging — 150  RR. 

0.  Ordinarily  cast  in  form  of  small  bars  and  hot-rolled  to  lyars  or  strips.  As 
cast  or  hot-rolled,  hardness  is  2.5-30  RC.  Material  may  be  readily  hot  or  cold 
rolled,  formed,  or  machined.  Hardness  after  cold  rolling  is  40  R(i.  Precipita¬ 
tion  hardening  alloys.  Heat-treated  after  rolling  or  machining,  after  which 
material  may  only  be  ground,  \  icalloy  II  is  severely  cold-reduced  (usually  to 
0.002  inch  tape)  before  heat  treatment,  and  the  magnetic  properties  indicated 
(which  depend  upon  this  treatment)  are  those  in  direction  of  rolling  on'.y. 

*  r>ir»K*tionaI  ma^etic  propertiwt. 

t  Ho  “  dux  density  at  point  of  maxiiuuiii  energy  product. 

I  Intrinsic  cxiercive  force. //ct- 

A  .\pproxiniate  value  only,  for  comparison  purpoaes. 

*  \  Hliie  for  hard  outside  shell.  Softer  rare  will  have  a  lower  value. 
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PROPAGATION  of 

A  definitive  statement,  based  in  part  on  the  experience  of  the  MIT  Radiation  Laboratory, 
of  some  of  the  factors  governing  propagation  at  frequencies  from  100  to  30,000  mega¬ 
cycles.  This  installment,  the  first  of  two,  treats  one-way  transmission 


—  By  DONALD  E.  KERR  — 

Research  Laboratory  of  Electronics 
Massachusetts  Institute  of  Technology 
Cambridge,  Mass. 


Part  I 


FIG.  1 — Geometry  oi  reflection  from  a  plane  earth.  The  simple 
properties  of  this  figure  con  be  applied  to  the  real  earth  as 
shown  in  Fig.  3 


FIG.  2 — Coverage  diagram,  over  a  plane  earth,  for  vertical 
polarisation.  In  the  case  shown,  the  reflection  coefficient  de-  - 
creases  with  increosing  angle  of  incidence 


The  accelerated  wartime  devel¬ 
opment  of  radar  and  associated 
equipment  has  brought  to  light  new 
and  interesting  information  con¬ 
cerning  the  mechanism  of  propaga¬ 
tion  of  radio  waves  at  frequencies 
above  100  me.  In  many  respects 
these  very  short  waves  behave  like 
visible  light,  but  in  other  respects 
they  behave  quite  differently.  Ac¬ 
curate  description  of  the  mechan¬ 
isms  involved  necessitates  borrow¬ 
ing  techniques  from  such  widely 
separated  fields  as  physical  optics, 
quantum  theory,  and  meteorology. 
This  article  is  intended  to  outline 
briefly  some  of  the  problems  in¬ 
volved,  and  to  present  a  few  of  the 
principles  employed  in  their  solu¬ 
tion.  The  experimental  data  quoted 
here  were  obtained  by  the  Propaga¬ 


tion  Group  of  the  MIT  Radiation 
Laboratory  operating  under  Con¬ 
tract  No.  OEMsr-262,  but  the  gen¬ 
eral  information  summarizes  the 
activities  of  many  investigators  in 
various  parts  of  the  world. 

One-Way  Propagation  in  Free  Space 

The  most  useful  way  of  express¬ 
ing  the  radiation  of  energy  from 
an  antenna  is  in  terms  of  the  an¬ 
tenna  pattern  function  or  radiation 
pattern,  It  expresses  the 

ratio  of  field  strength  radiated  in 
the  direction  B,  <f>  to  the  field  radi¬ 
ated  in  the  direction  of  maximum 
transmission  (where  0  =  <f>  =  0). 
In  general  /  is  a  complex  quantity, 
but  in  the  interest  of  simplicity  this 
fact  will  be  ignored  in  the  follow¬ 
ing  treatment.  The  generalization 


to  complex  f  is  obvious.  For  the 
special  case  of  a  uniform  or  iso¬ 
tropic  radiator,  /  is  unity  for  all 
angles,  but  for  the  usual  directive 
antennas  /  is  unity  along  the  axis 
of  symmetry  (B  =  <f>  =0),  and  de¬ 
creases  with  increasing  values  of 
either  angle.  The  power  gain  G  of 
a  particular  antenna  relative  to  a 
reference  antenna  is  easily  shown 
to  be* 


dilr 

fp{.e,<i,)  dQ 


(1) 


where  n  is  the  solid  angle  occupied 
by  each  antenna  pattern  and  /,  is 
the  pattern  of  the  reference  anten- 


*  For  further  discussioD  of  antenna  di¬ 
rectivity  and  rain  aee  Scbelkunoff,  “Elec¬ 
tromagnetic  W&yes,"  Chapter  9,  D.  Van 
Nostrand  and  Co.,  New  York. 
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VERY  SHORT  WAVES 


NEW  INFORMATION 

Of  all  the  knowledge  mossed  during  the  war,  none  is  more  important  to  the  future 
of  the  radio  ort  than  the  new  information  on  the  propagation  of  waves  shorter  than 
three  meters.  Because  the  subject  is  inherently  complicoted  and  the  new  data 
voluminous,  very  little  has  appeared  in  the  technicol  pr^ss  on  this  subject  since  VJ 
day. 

The  editors  are  happy  to  present,  therefore,  this  two-port  paper  by  Mr.  Kerr,  who 
headed  the  propagation  section  of  the  MIT  Radiation  Laboratory.  This  material 
is  a  masterful  condensation  of  on  immense  mass  of  new  theory  and  data,  made 
possible  only  by  the  liberal  use  of  symbolic  notation  and  close-knit  style. 

Lest  readers  be  scared  away  by  the  slightly  forbidding  aspect  of  these  articles, 
accept  our  assurance  that  the  treatment  is  as  simple  as  the  subject  permits,  and  that 
the  subject  is  well  worth  the  effort.  Suffice  it  to  sa^  that  effective  use  of  uhf  and 
shf  radio  systems  cannot  be  mode  without  sound  knowledge  of  how  the  waves  get 
there. 

And  did  you  know,  as  the  text  points  out,  that  the  free-space  range  of  a  10-watt 
lO-cm  transmitter  with  a  reflector  one  meter  in  diameter,  when  picked  up  by  a 
similar  antenna  and  a  receiver  of  normal  sensitivity  is  31,000  miles? — The  Editors 


na.  If  the  reference  antenna  is  iso¬ 
tropic  the  numerator  of  Eq.  1  is  4«. 
All  antenna  gains  used  here  are  re¬ 
ferred  to  the  isotropic  radiator. 

The  power  gain  in  Eq.  1  is  evi¬ 
dently  related  to  the  power  flow 
from  the  antennas,  given  by  the 
Poynting  vector  S.  The  magnitude 
of  this  vector  giving  the  power 
flow  across  a  unit  area  normal  to 
the  direction  of  transmission  from 
a  directive  antenna  in  free  space 
is  given  in  terms  of  the  radiated 
power  P,,  distance  R,  gain  G,  and 
pattern  function  /,  by 

(2) 

where  the  subscript  t  serves  to 
distinguish  the  transmitting  an¬ 
tenna  from  a  receiving  antenna  of 
different  characteristics. 

It  is  frequently  desired  to  find 
the  three-dimensional  coverage  dia¬ 
gram  of  a  given  antenna.  This  is 
the  locus  in  space  of  all  points  at 
which  either  the  electric  field  or 
Poynting  vector  assume  some  par¬ 
ticular  assigned  value.  These  values 
may  be  stated  in  absolute  measure 
(in  volts  per  meter  or  watts  per 
square  meter),  or  they  may  be  spe¬ 
cified  relative  to  the  value  of  either 
of  these  quantities  at  some  ^refer¬ 


ence  distance  from  the  antenna.  In 
mks  units,  the  rms  electric  field  E 
and  time  average  of  the  Poynting 
vector  are  related  by  S  =  £^/1207c. 
Then  Eq.  2  yields 


volts  per  meter  (3) 
A  familiar  special  form  of  Eq.  3 
is  that  for  the  field  strength  in  the 
equatorial  plane  of  a  half-wave 
doublet,  for  which  G  =  1.64; 


E  =  7  y!  Pt/R  volts  per  meter  (3a) 


In  particular,  if  we  denote  by  E, 
and  S,  the  field  strength  and  Poynt¬ 
ing  vector  at  a  reference  distance 
R,  in  the  direction  of  maximum 


transmission  Eq.  2  and  3  lead  to 


These  three  relations  may  be  sum¬ 
marized  by  one  simple  equation 


«  =  «/l/.  (5) 

where 

=  (6) 

Equation  5  specifies  the  distances 
defining  the  locus  of  points  at  which 
the  field  strength  has  a  specified 
valim  E.  This  locus  is  a  surface 
with  the  shape  of  the  antenna  pat¬ 
tern,  enclosing  a  volume  depending 
upon  the  particular  value  of  E. 


In  order  to  abstract  energy  from 
the  radiated  field,  a  receiving  an¬ 
tenna  is  oriented  in  the  general 
direction  of  the  transmitter.  It  may 
be  characterized  by  its  effective 
area  A,  or  by  its  gain  G„  which 
depends  upon  A,  and  upon  the 
wavelength  a  by  G,  =  47;A,/X*.  The 
effective  area  is  commonly  i  to  J 
of  the  geometrical  area,  and  refers 
to  orientation  for  maximum  recep¬ 
tion  ;  see  Schelkunoff ,  first  foot¬ 
note.  The  power  intercepted  by  the 
antenna,  P„  is  the  product  of  the 
incident  Poynting  vector,  the  ef¬ 
fective  area,  and  the  square  of  the 
receiving  antenna  pattern  function: 

Pr  =  /.*  (».<<>)  /r*  (7) 

where  the  angles  describe  the  orien¬ 
tations  of  the  two  antennas  rela¬ 
tive  to  the  line  joining  them. 

Assuming  that  both  antennas  are 
aligned  for  maximum  reception 
(/,  =  /,  =  1),  we  may  determine 
the  maximum  range  to  which  satis¬ 
factory  reception  can  be  obtained. 
This  maximum  range  will  be  called 
the  free-space  detection  range  R^. 
At  this  range  the  received  power 
Pr  will  be  reduced  to  the  minimum 
useful  (barely  perceptible)  value, 
denoted  by  The  determination 
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of  P.i.  is  often  a  difficult  process, 
and  is  outside  the  scope  of  this 
paper.  For  the  present  purpose  we 
assume  P«i,  to  be  known.  Then 
Eq.  7  becomes 


the  maximum  free-space 


JAUGENT 


riG.  3 — Geometry  of  standard  propagation  over  a  sperical  earth,  in  the  interference 

region 


field,  is  given  by  Eq.  3  with  /»  (•, 

=  1.  Because  of  its  usefulness  we 
shall  focus  our  attention  primarily 
on  F,  or  on  20  loguP,  the  actual  field 
strength  relative  to  free-space  field 
strength  expressed  in  decibels.  The 
significance  of  F  will  become  clear 
from  the  following  illustrations. 
(Note  that  under  free-space  condi¬ 
tions  F  is  just  |/|). 

As  shown  in  Fig.  1,  energy 
travels  from  one  terminal  to  the 
other  by  two  routes,  one  the  direct- 
ray  path  and  the  other  the  reflected- 
ray  path.  Along  the  latter  path, 
the  energy  appears  to  come  from 
the  image  of  the  source  below  the 
surface,  and  it  traverses  a  path 
length  Rs  that  is  greater  than  Pi. 
The  resultant  field  strength  is  the 
vector  sum  of  the  fields  traversing 
the  two  paths,  and  an  interference 
pattern  is  formed  in  space  because 
of  the  spatial  phase  relationships. 

The  field  from  the  energy  travel¬ 
ing  along  P,  is 

El  -  E.^e-i>^i 

III 

where  k  =  2n/X.  If  the  antenna  is 
isotropic  the  field  incident  on  the 
surface  is  as  strong  as  that  radiated 
along  the  direct-ray  path,  and  after 
reflection  it  appears  at  the  field 
point  as 

^  Ef 

The  derivation  is  limited  to  small 
angles  and  ratios  of  heights  to 
range  (the  usual  approximations). 
Then  in  the  denominator  we  may 
set  P,  =  P,  =  P,  but  of  course  can¬ 
not  do  so  in  the  numerator,  as  the 
difference  P,  —  P,  =  AP  is  the 
quantity  required.  Then  the  total 
field  is 

E  =  El  ^  E^':^ 

[1  -f  p«  ->(*A«+  ♦)] 

But  the  coefficient  of  the  quantity  in 
brackets  is  just  the  free-space  field; 
consequently  the  magnitude  of  the 
quantity  in  brackets  is  F  for  this 
case.  Elementary  geometry  shows 
that  AP~22iS,/P,  so  F  becomes 

F  =  I  1  +pe~><*  1=  Vl-i-p*-|-2pooeo' 

(10) 

where 

4t?i2»  ,  .... 

“  “  ^ 

This  shows  that  the  field  strengrth 
is  periodic  with  height,  oscillating 
between  1  -f’  p  and  1  —  p  times  the 
free-space  field. 
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In  this  installment  p  will  be 
assured  constant  in  order  to  sim¬ 
plify  the  discussion. 

An  important  special  case  occurs 
when  p  =  1  and  which  occurs 

at  grazing  incidence.  Then  Eq.  10 
becomes 

which  shows  that  the  field  strength 
is  twice  the  free-space  value  when 
2z^Zt/'kR  —  n/2,  where  n  is  an 
odd  integer,  and  is  zero  when 
2ziZ,/aR  =  n,  where  n  is  an  integer. 
The  complete  variation  of  field 
strength  with  range  for  this  case  is 
given  by 

(13) 


FIG.  4 — Contours  of  field  strongth  103  db 
bolow  that  at  a  distance  of  one  meter,  from 
an  isotropic  antenna  110  feet  obore  the 
surface  (two  lowest  lobes  are*  shown  for 
each  wave  length;  R  =  88  miles) 


which  shows  that  as  R  in¬ 
creases  the  field  oscillates  out  to 
where  z,z,/Xi?  =  1/4,  after  which 
it  decreases  without  oscillation.  In 
this  latter  region,  as  2icz,z,/XiJ  be¬ 
comes  very  small,  the  sine  may  be 
approximated  by  its  argument,  and 
Eq.  13  becomes 


E 


EJt, 


\Rt 


(14) 


the  familiar  result  for  the  so-called 
“inverse  square  law”  region.  This  is 
a  useful  approximation  for  wave¬ 
lengths  that  are  not  too  short  and 
for  ranges  small  enough  that  the 
earth’s  curvature  is  not  important. 
(The  temptation  to  use  this  simple 
formula  may  easily  lead  one  astray, 
however.) 

Equations  10  to  13  may  be  easily 
modified  to  give  the  complete  ex¬ 
pression  for  F  including  the  an¬ 
tenna  pattern.  As  may  be  seen  from 
Fig.  1,  the  fractions  of  field 
strength  radiated  along  the  direct 
and  reflected  ray  paths  are  f(0i) 
and  fid,),  respectively.  Then  a 
derivation  similar  to  that  for  Eq.  10 
shows  that 


F  -  1/(0.)  -f-  pf(e,)e-i«  1  =  V/*(o.)  -I- 
pV*(0i)  +  2p  /(Oi)  fie,)  cos  a'  (15) 

Both  antenna  pattern  and  reflection 
coefficient  now  limit  the  range  of 
variation  of  F,  the  limits  of  which 
are  fi6i)ztzpfi0,).  To  calculate  F 
in  a  specific  case  the  behavior  of 
p  and  <f>  must  be  known  (see  second 
installment)  and  0,  and  6,  must  be 


determined.  From  Fig.  1  we  see 
that 

0i  =»  lAi  ~  I  ) 

e,=  -  rh-  i  >  (16) 

tan  ^  =»  («!  -I-  h)/R  ) 

The  arrows  indicate  the  positive  di¬ 
rections  for  the  angles,  except  for 
which  is  always  positive.  The 
calculation  of  field  strength  above  a 
plane  earth  is  simple  and  straight¬ 
forward,  and  is  expressed  (except 
for  reflection  coefficient)  in  Eqs. 
3,  9,  15  and  16. 

The  relation  of  a  coverage  dia¬ 
gram  to  F  may  be  derived  by  recall¬ 
ing  the  definition  from  Eq.  9, 
=  F.  But  |E.l  =  \E.\RJR\ 
therefore  R  =  R.\E,/E\F.  From 
Eq.  6  R,\E,/E\  =  Rf.  If  we  set  Rt  = 
R,  the  free-space  detection  range, 
then  the  coverage  diagram  is  a 
polar  plot  of  the  equation 

R  =  RJ!'  (17) 

This  is  an  implicit  relation,  as  F 
is  a  function  of  R.  For  many  prac¬ 
tical  purposes  this  is  unimportant, 
because  for  small  elevation  angles 
and  ranges  greater  than  a  few  miles 
F  can  be  expressed  approximately 
as  a  function  of  y,  the  angle  of  ele¬ 
vation,  by  noting  that  ~  y. 

Consequently,  a  polar  plot  of 
F  may  be  converted  into  a 
coverage  diagram  by  introducing 
i?o  as  a  scale  factor.  As  0^F^2, 
the  operating  range  of  a  system 
over  a  plane  earth  may  at  most  be 
twice  the  free-space  range,  or  may 
be  reduced  to  zero,  although  the 
range  of  variation  is  in  practice 
always  less  than  this,  as  shown  by 


Eq.  15.  Figure  2  shows  a  sketch 
indicating  qualitatively  how  a  cov¬ 
erage  diagram  may  appear  when 
the  antenna  pattern  and  decrease  of 
p  with  the  angle  are  important  in 
influencing  F. 

Equation  7  for  received  power  in 
free  space  may  now  be  modified  to 
include  F.  The  Poynting  vector 
incident  on  the  antenna  is  S  = 
E*/120x  =  E*F'/12fi%,  from  which 
it  may  be  shown  that  the  new  ex¬ 
pression  is 

(18) 

’One-Way  Propogotion  Over  Spherical 
Earth 

The  spherical  shape  of  the  earth 
introduces  complications  into  the 
problem  of  field  strength  computa¬ 
tion  which  will  only  be  outlined 
briefly  here.**  The  region  in  Fig. 
3  above  the  tangent  ray  is  called  the 
interference  region  because,  as  in 
the  case  of  the  plane  earth,  inter¬ 
ference  between  direct  and  reflected 
waves  produces  interference  pat¬ 
terns.  The  region  below  the  tan¬ 
gent  ray  is  called  the  diffraction 
region,  because  energy  penetrates 
it  by  diffraction  around  the  bulge  of 
the  earth.  The  radius  a.  is  the 
effective  radius  of  the  earth,  differ¬ 
ent  from  the  true  radius  as  a  result 
of  atmospheric  refraction,  and  is 
discussed  in  the  second  installment 
of  this  paper. 

In  the  interference  region  the 
formula  for  F  is  similar  in  form 
to  that  for  the  plane  earth,  but  dif¬ 
fers  in  some  details.  Because  the 
reflected  wave  strikes  a  convex 
rather  than  a  plane  surface,  upon 
reflection  it  is  spread  out,  resulting 
in  a  weaker  field  than  that  reflected 
from  a  plane  surface.  This  weak¬ 
ening  of  the  reflected  field  is  ex¬ 
pressed  by  the  divergence  factor  D, 
which  now  appears  in  combination 
with  p  where  p  appeared  in  the 
plane-earth  formulas.  At  high  ele¬ 
vation  angles  D  is  essentially  unity, 
but  it  falls  to  zero  rather  abruptly 
in  the  vicinity  of  the  tangent  ray. 
A  second  difference  appears  in  the 
formula  for  \R,  which  as  can  be  seen 
from  Fig.  3,  is  Ai2sr2z'iZ',/iJ,  where 


**  DetaUs  of  new  methods  for  rapid  com¬ 
putation  of  field  strength  are  given  in  Vol. 
13  of  the  forthcoming  Radiation  Labora¬ 
tory  Series,  “Propagation  of  Short  Radio 
Waves,”  to  be  published  by  McOraw-Hill 
Book  Co.,  Inc.,  New  York. 
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important  feature  of  Fig.  4  is  the 
comparison  of  wavel^gths  that  it 
affords.  Note  that  transmitter 


HEIGHT -GAIN  FUNCTION 
STANDARD  - 

- REFRACTION 

- 1  SURFACE  DUCT 

_ ]  (SEE  TEXT)  - 


50  -30  -10  0  TIO  -i-SO  ■*■50  ■*•70 

20  LOG„|U(Z)|  IN  db 


FIG.  6 — Heiqht-Qoin  function  for  standard 
refraction  and  for  two  surface  ducts,  cor¬ 
responding  to  range-crttenuation  function  of 
ng.  5 


FIG.  5  —  Range-attenuation  function  for 
standard  refraction,  and  for  two  surface 
ducts  (see  text  for  significance  of  duct 
parameter  g) 


=  !/(»,)  +  Dpf{0t)e-i‘  I  =  Vf(e,)  -H 

+  2Dpm)f{$t)  COG  «  1  (22) 


z'l  and  z't  are  the  heights  of  the 
terminals  above  the  plane  tangent 
to  the  earth  at  the  point  of  where 

reflection,  and  are  less  than  the  ^  ^  irziW  ,  .23) 

true  heights  above  the  earth’s  “  \R  ^ 

surface.  It  is  easily  shown  that  for  Thus  the  field  strength  distribu- 
z/a,  €  1  and  r/a,  €  1,  tion  in  the  interference  region 

^  above  a  spherical  earth  is  qualita- 

2'i.*  zi.»  -  ^  (19)  tively  similar  to  that  above  a  plane 

earth.  The  lobes  occupy  somewhat 
different  positions  from  those  over 
a  plane  earth  because  of  the  modi¬ 
fied  form  for  x  given  by  Eq.  23  and 
19,  and  the  range  of  variation  of  F 
is  further  limited  by  D,  which  pre¬ 
dominates  near  the  tangent  ray. 

A  coverage  diagram  illustrating 
the  general  features  described 
above  is  given  in  Fig.  4,  which  has 
been  drawn  for  an  isotropic  radia¬ 
tor  and  p  =  1,  <t>  =  n.  Only  the  two 
lowest  lobes  are  shown  for  each  of 
the  three  wavelengths.  The  effect 
of  D  is  shown  by  the  dotted  line, 
which  approaches  zero  near  the 
tangent  ray.  Since  we  have  as¬ 
sumed  p  =  1,  F  approaches  2  in  the 
lobe  maxima,  i.e.,  the  maximum 
range  is  twice  the  free-space  range 
at  high  angles,  while  it  approaches 
zero  at  the  minima.  (As  pointed  out 
above,  the  combination  of  D,  p,  and 
/  always  reduces  the  range  of  varia¬ 
tion  in  a  practical  case,  although  for 
Once  rj  is  known,  Eq.  21  can  be  wavelengths  of  roughly  1  meter  or 
used  to  calculate  field  strength  for  more  the  conditions  shown  in  the 

the  spherical  earth  from'  the  ap-  diagram  are  often  closely  ap¬ 
propriate  expression  for  F,  which  proached  over  water.) 
is,  Perhaps  the  most  striking  and 


Before  AF,  D,  or  the  other  required 
quantities  can  be  calculated  n  must 
be  obtained;  unfortunately  this  re¬ 
quires  solution  of  the  cubic  equa¬ 
tion 


Although  simple  in  theory,  the  pro¬ 
cedure  is  laborious  and  is  awkward 
numerically.  (Graphical  methods 
have  been  devised  to  give  r,  and  all 
quantities  depending  on  r^,  and  are 
described  in  detail  in  the  book  men¬ 
tioned  in  the  second  footnote.) 

The  relations  necessary  to  obtain 
6t,  and  D  are  given  by 


The  components  of  Eq.  24  are 
shown  in  Fig.  5  and  6,  the  solid  lines 
referring  to  the  situation  consid¬ 
ered  here.  Thus  we  see  that  in  the 
region  well  below  the  tangent  ray 
the  field  strength  may  be  calculated 
rather  more  easily  than  in  the  in¬ 
terference  region.  It  should  be 
noted  in  passing  that  no  distinction 
is  made  here  between  horizontal 
and  vertical  polarization,  because  in 
the  microwave  region  the  diffrac¬ 
tion  field  depends  only  slightly  on 
polarization,  and  negligible  error 
results  from  treating  both  polariza¬ 
tions  alike.  This  is  far  from  true 
at  low  frequencies,  of  course. 
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I6GI2626— Shield— 1!^*  long 
I6GI2627— Shield— 1-15/16'  long 
I6GI2628— Shield— 2%'  long  i 


53  F 12625 

Military  type  dome  top  casting. 
Attached  Base — Mica  Filled 
Molded  with  .093  mtg.  hole 
Vh"  mtg.  center 


•ntly  introduced  . . .  Another  Cinch  First— already 
on  Electronics  Standard  part.  In  cooperation  with 
Nibt  manufacturers,  Cinch  engineers  designed  and 
produced  a  complete  line  of  molded  and  lami¬ 
nated  miniature  sockets  for  the  new  Noval  Nine 
Prong  Tube.  Today  it  is  accepted  as  standard. 

Write  for  samples  and  further  details. 

Avai/ab/e  at  leading  e/ecfronics 
jobbers  .  .  •  everywhere. 


53  F 12617 

Saddle  type — Mica  Filled 
Molded  with  .093  mtg.  hole 
l!4'  mtg.  center 


56EI257I— Laminated  Noval 
l!4'  mtg.  center 


^Mismatch  Loss  Chait 
for  Transmission  Lines 


Loss  due  to  mismatch  between  load  and  line  impedance  is  given  directly,  in  terms 
of  total  rated  loss  of  line  and  standing  wave  ratio  at  load  end 


Airborne  Inatruments  Laboratory,  Inc. 
Mineola,  New  York 


Least  loss  in  a  transmission 
line  is  obtained  when  its  load 
impedance  is  equal  to  the  char¬ 
acteristic  impedance  of  the  line, 
and  standing  waves  are  absent. 
Attenuation  figures  for  lines  are 
usually  given  on  this  basis.  Since 
perfection  is  seldom  obtained  in 
practice,  it  is  desirable  to  know 
the- penalty  incurred  if  a  line  is 
not  perfectly  matched.  The  ac¬ 
companying  chart  thews  this  in  a 


simple  manner  for  ready  use. 

Each  curve  is  for  a  line  having 
a  given  loss  in  db  when  perfectly 
matched  (loss  equals  attenuation 
in  db  per  unit  length  multiplied 
by  the  length  used).  From  pub¬ 
lished  or  known  line  data,  the  ap¬ 
propriate  curve  is  selected  or  in¬ 
terpolated.  If  the  standing  wave 
ratio  (SWR)  at  the  load  end  of 
the  line  is  known,  the  intersec¬ 
tion  of  the  corresponding  vertical 


line  and  the  selected  curve  gives 
the  added  line  loss  or  attenuation 
in  db,  as  shown  on  the  scale  at 
the  left.  This  can  be  found  in  the 
same  way  for  a  known  ratio  of  a 
resistive  load  R  to  the  line  im¬ 
pedance  Zo,  using  the  alternative 
scale  at  the  bottom. 

As  an  example,  consider  a  500- 
ohm  antenna  used  with  100  feet 
of  RG-^8/U  cable  at  a  frequency 
of  93  me,  having  2  db  nominal  at¬ 
tenuation,  and  a  characteristic 
impedance  of  52  ohms.  R/Zo  is 
9.6;  using  the  2-db  curve  on  the 
chart,  the  added  loss  due  to  mis¬ 
match  is  found  to  be  3.3  db. 

As  another  example,  if  an  an¬ 
tenna  has  to  be  used  over  a  fre¬ 
quency  range  such  that  the 
standing  wave  ratio  on  a  52-ohm 
line  becomes  5:1  and  the  line  has 
5  db  attenuation  when  matched, 
the  chart  shows  the  added  line 
loss  to  be  2.4  db  at  the  extremes 
of  the  frequency  range  used. 

The  chart  illustrates  several 
points:  (1)  large  SWR  intro¬ 
duces  little  added  loss  if  matched 
loss  is  very  small;  (2)  little  loss 
is  added  even  to  a  large  matched 
loss  if  the  SWR  is  very  small; 
(3)  the  added  loss  is  almost  the 
same  for  any  matched  loss  over 
10  db. 

The  chart  and  equation  apply 
strictly  only  to  lines  of  an  integ¬ 
ral  number  of  quarter-wave 
lengths,  or  half-wave  lengths  for 
complex  impedance  loads.  A  very 
short  line  without  leakage,  for 
example,  would  have  least  loss  if 
operated  into  an  infinitely  large 
load  resistance. 


WHERE  ONE-FIFTH  OF  MATCHED  LINE  LOSS  IN  DB 


MATCHED  LINE 


SWR  AT  LOAD 
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The  TYPE  E  potentiometer  is  rated  at  7 
u  atts.  f(  idely  used  in  precision  instruments, 
resistance  bridges  and  other  circuits  requir¬ 
ing  accurate  settings.  Diameter  2Hi". 


Plenty!  All  Mallory  wire-wound  controls  are  designed  for  maximum 
heat  dissipation.  In  addition,  the  M  and  E  types  are  metal-enclosed 
to  provide  electrostatic  shielding. 

Then,  too,  they’re  tapered  with  extreme  accuracy  (linear  taper 
tolerance  is  within  3%).  Wire  size  is  carefully  controlled,  too,  to  pro¬ 
vide  smooth,  noiseless  operation  between  tapers.  Whars  more,  control 
dimensions  are  strictly  streamlined.  They’re  kept  as  compact  as 
possible,  resistance  value  and  wattage  dissipation  considered. 

Finally,  they  have  numerous  individual  features — a  feature  of  the 
M  and  C  type  controls,  for  example,  being  a  unique  spring  wedge 
that  maintains  constant  pressure  between  silver-plated  terminals 
and  silver  contacts. 

What  it  all  adds  up  to  is  more  for  your  money — good  engineering 
coupled  with  rugged  construction  that  are  the  natural  concomitants 
of  Mallory  leadership.  See  your  Mallory  distributor,  or  consult  us, 
tvhile  your  designs  are  still  in  the  blue  print  stage. 


TYPE  M  potentiometers  and  rheostats 
have  a  normal  rating  of  4  watts,  are 
insulated  for  1,000  volt  DC  break¬ 
down  to  ground,  and  are  also  avail¬ 
able  in  a  complete  line  of  T  and  L 
Pad  Attenuators.  Diameter  IH”. 


YOU  EXPECT  MORE  AND  GET  MORE  FROM  MALLORY 


TYPE  C  control  is  the  smallest  2 
watt  wire-wound  variable  resistor 
made.  Ideal  for  meter  compen¬ 
sators,  miniature  motor  controls 
and  light  dimmers.  Diameter  1^". 


lULWR  I  RESISTORS 
(FIXED  AND  VARIABLE) 
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Upder water  Light  Meter 

A  HYDROPHOTOMETER  developed  dur¬ 
ing  the  war  for  use  in  underwater 
photography,  measures  turbidity  of 
fresh  and  salt  water  enabling  a 
photographer  to  determine  the 
maximum  camera-to-object  dis¬ 
tance  under  any  condition  of  water 
turbidity. 

The  instrument  consists  of  two 
principal  parts:  a  meter  box  and  a 
head.  The  meter  box  remains  on 
deck  and  houses  the  control  and 
visual  recording  instruments.  The 
head  is  suspended  to  the  depth 
under  examination  and  contains 
two  photoelectric  units  mounted  a 
half-meter  from  one  another. 

One  photoelectric  unit  contains 
a  light  source  as  well  as  a  photocell 
and  condensing  or  focusing  lenses. 
Part  of  the  light  falls  on  the  cell 
and  generates  an  electric  current. 
The  remainder  of  the  light  passes 
through  the  lenses  and  across  the 
intervening  water  to  the  lenses  of 
the  second  photoelectric  unit  where 
it  strikes  another  photocell,  setting 
up  a  second  current.  Since  turbid 
water  scatters  light,  the  currents 
produced  by  the  two  photocells  will 
not  be  the  same.  The  difference  is 
a  measure  of  the  turbidity.  (Dept, 
of  Commerce  report  PB-47060) 


TUBES  AT  WORK 


Including  INDUSTRIAL  CONTROL 

Edited  by  VIN  ZELUFF 


Ferries  Use  F-M . 

Underwcrter  Light  Meter . 

Feed  Control  ior  Lathe . 

Phototube-Operated  Trigger  Circuit . 

Find  Shells  in  Lumber . 

Radio  Control  for  Water  Works . 

Relay  Control  Circuits  ior  Stepping  Switches 


Operated  by  the  Maryland  State 
Highway  Commission,  two-way  f-m 
equipment,  said  to  be  the  first  radio- 
equipped  regularly  scheduled  ferry 
system  in  the  nation,  has  been  in¬ 
stalled  in  the  Chesapeake  Bay  area. 
Sets  have  been  installed  in  the 
wheelhouse  of  each  ferryboat  while 
60-watt  units  are  located  -on  the 
docks  and  in  the  State  Highway 
Commission’s  office  at  Annapolis. 

The  system  is  expected  to  enable 
dockmen  to  talk  the  ferries  in,  in 
spite  of  fog  and  heavy  storms  which 
are  prevalent  in  the  area  especially 
in  the  fall  and  winter,  and  to  speed 
up  docking  and  traffic  throughout 
the  main  Bay  channel.  Marine 
traffic  is  heavy  on  this  inland  water¬ 
way  because  the  upper  end  of  the 
Bay  connects  with  the  Delaware 


River,  through  the  Delaware  Ches¬ 
apeake  Canal.  Use  of  the  equip¬ 
ment  will  also  aid  in  the  reporting 
of  marine  accidents  and  other  public 
service  applications. 

Installed  by  the  U.  S.  Marine 
Technical  Service  in  cooperation 
with  General  Electric  engineers,  the 
ferry  system  operates  on  43.02  meg¬ 
acycles.  Remote  control  of  the  sets 
in  the  wheelhouse  is  provided  in  the 
rear  of  each  ferryboat.  Remote 
control  units  are  also  used  in  con¬ 
junction  with  central  equipment. 

The  ferries  operate  from  Sandy 
Point  to  Matepeake,  Md.,  a  distance 
of  four  miles,  and  are  used  by  com¬ 
muters,  shoppers,  and  tourists  who 
travel  between  Annapolis  and  Balti¬ 
more  to  Washington,  or  points  to 
the  north  and  south  of  these  cities. 


Feed  Control  for  Lathe 

Contributing  largely  to  the  high 
efficiency  of  a  new  Monarch  lathe 
are  electronically-controlled  feed 
motors. 

Front  carriage  operation  requires 
two;  one  for  the  longitudinal  feed, 
the  other  for  the  cross  feed.  Be¬ 
cause  the  rear  carriage  does  not 
have  longitudinal  movement,  one 
feed  motor  only  is  necessary.  Not 
only  does  this  method  of  feed  con¬ 
trol  give  infinitely  variable  feed 
ranges;  it  also  provides  practically 
constant  feed,  as  set,  regardless  of 
load  variation.  There  is  another 
time  saving  advantage  where  a 
large  change  in  front  carriage  tool 
position  is  necessary  such  as  chang¬ 
ing  from  one  diameter  to  another 
on  a  step  shaft.  Here  the  fast  out- 
feed  saves  valuable  minutes  every 
day. 

The  front  carriage  has  an  infi¬ 
nitely  variable  longitudinal  feed 
range  of  0.6  to  20  inches  per  minute 


Ferry-to-ferry  communication  by  f-m  is  utilised  by  Captain  Yewell  of  the  Chesapeake 

Boy  Ferry  System 
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Put  your  electrical  products  together  faster  with  this 
varnished  tubing  that’s  easy  to  handle  in  close  quarters 
. . .  easy  to  push  around  comers ...  easy  to  thread  because 
it  stays  round  and  has  a  smooth  inside  bore. 

Dieflex  varnished  tubing  and  sleeving  has  repeatedly 
shown  its  ability  to  cut  assembly  time  and  lower  costs. 
High  dielectric  strength  and  clean-cut,  non-fraying  ends 
are  plus  values  that  make  it  acceptable  for  the  most 
critical  applications. 

Dieflex  tubings  and  sleevings  are  made  in  all  VTA  and 
ASTM  grades.  Shipment  from  stock.  Call  your  nearest 
representative  for  detailed  information. 


DIEFLEX  PRODUCTS  LIST 

MADI  WITH  MAIDID  COTTON  SLEIVING  BASE— VTA 
Orods  A-1  Magnsto  Grad*  VarnUhed  Tubings  —  VTA 
Grad*  B-1  Standard  Grad*  Varnishad  Tubings — VTA 
Grades  C-1  and  C-2  Hsavily  Coatad  Saturatad  Sls*v> 
ings — VTA  Grads  C-3  Lightly  Coatad  Saturated  Sioov- 
Ings — Heavy  Wall  Varnished  Tubings  and  Saturated 
Sieevings. 

MADE  WITH  BBAIDED  GLASS  SLEEVING  BASE  — VTA 
Grad*  A-1  MEogneto  Grade  Varnished  Fiber glas  Tub¬ 
ings — VTA  Grade  C-1  Extra  Heavily  Saturated  Flber- 
glas  Sleevings — VTA  Grade  C-2  Heavily  Saturated 
FIberglas  Sleevings — VTA  Grade  C-3  Lightly  Saturated 
Fiberglas  Sleevings — Silkone-Treoted  Fiberglas  Var¬ 
nished  Tubings  and  Saturated  Sleevings. 


MANUFACTURERS  CORPORATION 


•CHICAGO 
MILWAUKEE  i 
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11341  Woodward  Avo. 
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Si.  Louis  3,  Mo.  a  Atianto,  Go.  •  Boston  20.  Mott. 
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Los  Angeies  1 3,  Cal.  o  San  Francisco  7>  Cal.  o  Seottlo  4,  Wash. 


trigger  circuit  is  also  simplified  be- 
ca’use  no  power  out^t  is  required 
from  the  trigger  circuit,  making  the 
current  requirements  of  the  circuit 
low. 

Due  to  the  fact  that  both  trigger 
tubes  contribute  to  the  bias  volt¬ 
age  across  Rt  (or  one  trigger  tube 
can  be  made  to  cut  the  other  off  by 
means  of  a  proper  relationship  in 
values  between  Rt,  Rf  and  Rgt)  the 
trigger  circuit  has  very  high  input 
resistance,  thus  making  effective 
very  high  values  of 

This  application  of  the  trigger 
circuit  was  devised  because,  in  our 
problem,  the  phototube  was  not  well 
screened  when  it  was  required  to 
be  dark,  and  it  was  not  well  illumi¬ 
nated  when  it  was  required  to  be 
excited.  Thus,  only  a  slight  voltage 
change  delivered  by  the  phototube 
was  available. 

In  applications  where  the  keying 
frequency  is  high,  or  may  vary  over 
a  high  and  wide  frequency  range, 
keying  transients  are  effectively 
cancelled  if  two  6SJ7  tubes  are 
substituted  for  V,  and  the  cutoff 
voltage  from  the  trigger  circuit  is 
applied  to  the  suppressors  of  the 
6SJ7  tubes.  The  signal  to  be  keyed 
is  then  applied  by  way  of  a  phase 
inverter  to. the  control  grids  of  the 
two  controlled  tubes.  Thus,  the 
keying  voltage  transients,  being  in 
phase,  are  cancelled,  and  the  signal 


Elsctroniccdly  controlled  food  motors  provide  Infinitely  variable  feed  ranges  and 
practically  constant  feed  on  this  lathe  made  by  Monarch  Machine  Tool  Company 


and  a  longitudinal  traverse  of  80 
inches  per  minute.  Cross  feed  range 
is  1  to  40  inches  per  minute.  Be¬ 
cause  of  the  fast  cross  feed,  a  sepa¬ 
rate  traverse  is  not  necessary.  Re¬ 
gardless  of  the  cross  feed  used,  the 
top  feed  of  40  inches  per  minute 
may  be  made  to  become  operative 
automatically  as  soon  as  the  slide 
starts  to  move  out.  Micrometer 
stops  are  provided  to  limit  both 
traverse  movement  and  cross  move¬ 
ment  in  both  directions. 

All  motors  may  be  started  and 
stopped;  all  feeds  may  be  started, 
stopped  and  regulated  from  a  panel 
located  within  easy  reach  of  the 
operator.  Once  the  machine  is  set 
up,  all  the  operator  need  do,  in  addi¬ 
tion  to  loading  and  unloading  the 
work,  is  press  the  cycle  start  button. 
He  may  stop  or  reverse  the  cycle  at 
any  time.  A  visual  feed  indicator 
enables  him  to  set  up  the  machine 
with  the  certainty  that  he  is  select¬ 
ing  the  feeds  he  desires  and  tells 
him  at  a  glance  the  feed  being  used 
at  any  point  in  the  cycle. 


contains  a  trigger  circuit,  operated 
by  a  slight  change  of  level  of  the  in¬ 
put  signal,  which  functions  as  a  sen¬ 
sitive  d-c  amplifier. 

Provided  with  an  inverted  high- 
voltage  supply,  the  circuit  delivers 
an  effective  negative  cut-off  voltage 
to  the  control  grid  or  suppressor  of 
a  directly  connected  following 
tube.  Use  of  this  negative  keying 
voltage  on  the  controlled  tube  makes 
no  power  demand  upon  the  trigger 
circuit,  which  makes  voltage  regula¬ 
tion  of  the  trigger  circuit  an  easy 
matter. 

Power  supply  filtering  for  the 


(continued  on  p  150) 


NCGATiVe  CUTOFF  VOLTAGC  WHEN  Vq  IS  DARK 
NEGATIVE  CUTOFF  VOLTAGE  WMFN  V,  IS  LIGHT 
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6SJ7 


6SJ7 


Phototube-Operated 
Trigger  Circuit 

By  John  Degexman 

Engineer 

MoElrov  Mfg.  Corp. 

Littleton,  Maes. 

The  circuit  shown  in  Fig.  1  has 
been  very  useful  in  an  application  in 
which  only  a  slight  voltage  change 
was  available  from  a  phototube.  It 


15,000 


003/VRI50: 


Fig.  1 — Very  small  voltage  change  from  the  phototube  actuates  trigger  circuit 
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BUILD  YOUR  QUAtlTY  SOUMD  SYSTEM 

A  new  three-stage  amplifier  1m|T|1  TnPvP 

designed  to  operate  from  ^Kjjk  Wf  IGII  GIIWWV 

microphone  and  other  low 

level  sources  and  to  raise  1 1  I  I  I  ml 

them  to  line  levels.  Provided  1C  II  I  I  |l  |  ■■ 

with  gain  adjustment  and  mhUQmJt  jRJ  ^0  |  ^  ^0  I  I  V  ml 

sufficient  power  output  ca-  /  » 

padty  to  make  it  ideal  for  /  ujt  t  ^  I#  if 

booster  and  line  amplifier  /  Au  f  |  l|  I*  wM  ^ 

appUcations.  /  I  rf  ®  R  I  I  I  I  ■  il 


Self-contained  power  amplifiers,  available  for  rack 
or  cabinet  mounting.  Notable  for  flexibility  in 
bviilding  sound  system  installations.  Arranged  for 
wide  variety  of  input  circuit  combinations  and 
capable  of  accommodating  a  wide  range  of  load 
impedance  without  sacrificing  power  output.  Em¬ 
ploys  negative  feedback,  thereby  nuuntaining  the 
internal  impedance  at  an  exceptionally  low  value. 
Audio  power  output  of  142  is  25  watts,  of  143  is 
75  watts.  Each  has  facilities  for  mounting  a  141 
amplifier  directly  on  the  chassis,  and  each  can  be 
used  as  bridging  amplifier  with  a  bridging  coil  for 
which  mounting  space  is  provided. 


HERE’S  an  integrated  series  of  Western 
Electric  amplifiers  that  was  designed  by 
Bell  Laboratories  to  fit  like  “building  blocks’* 
into  systems  of  any  size  . . .  from  the  simplest 
single  channel  set-up  to  the  most  complex  mul¬ 
tiple  channel  system.  A  simple  system  can  thus 
be  increased  to  any  size  or  complexity  by  easy 
and  economical  addition  of  units.  They  provide 
program  distribution  systems  with  the  utmost 
flexibility  in  use,  quality  in  performance,  and 
reliability  through  years  of  trouble-free  service. 
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This  schematic  diagram  illustrates  the  adaptation  of  these 
“building  block”  amplifiers  to  a  representative  sound  system. 

Bulletin  T-236I  is  available  to  help  you  with  your  sound 
system  planning.  Ask  your  local  Graybar  representative 
for  it,  or  write  Graybar  Electric  Co.,  420  Lexington  Ave., 
New  York  17,  N.  Y. 
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Western  Electric 


—  QUALITY  COUNTS  — 


DISTRIBUTORS:  Ir  tk*  U.  S.  «.-6rtyk«ElKtr1c  Cm- 
pa*y.  iR  CMMia  and  NtwlRwi^laad— NartiMrR  Electric  CMpaRy,  LU. 
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where  n,  is  the  number  of  channels 
employed.  For  a  modulation  index 
of  10,  in  this  case  the  efficiency  in¬ 
creases  with  the  number  of  channels 
(as  the  bandwidth  is  increased) 
from  71  =  0.06  for  1  channel  to 
7]  =  0.19  for  100  channels.  The 
accompanying  table  shows  the  rela¬ 
tive  transmission  efficiencies  at 
various  bandwidths  (as  repre¬ 
sented  by  their  modulation  in¬ 
dexes). 
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Effect  of  Modulation  on  Transmission  Efficiency 


Frequency  Pulse-Time 
Modulation  Modulation 


Modulation 

Index 


issue.  The  transmission  efficiency 
so  defined  indicates  the  extent  to 
which  a  given  system  of  modulation 
untilizes  the  bandwidth  assigned  to 
it,  for  a  given  signal-noise  perform¬ 
ance.  For  definiteness,  the  com¬ 
parison  between  systems  is  made 
with  a  high  quality  signal,  repre¬ 
sented  by  a  signal-noise  ratio 
SJN^  ofeOdb. 

In  the  case  of  frequency  modula¬ 
tion,  with  modulation  index  m  (de¬ 
viation  divided  by  modulation  fre¬ 
quency),  Eq.  1  becomes 


Modulation  method  not  only  af¬ 
fects  the  transmitted  bandwidth 
and  signal-noise  ratio  (Electron¬ 
ics,  p  124,  June-15  1947),  but  also 
the  efficiency  with  which  the  trans¬ 
mission  bandwidth  is  utilized  to 
convey  information  and  to  combat 
interference  from  thermal  noise. 
Although  it  may  not  be  immediately 
possible  to  make  use  of  this’  prin¬ 
ciple  in  radio  transmission,  it  can 
be  used  in  electronic  computers  and 
highly  directional  or  guided  com¬ 
munication  services  to  obtain  the 
maximum  performance  from  a 
given  bandwidth  in  the  face  of  irre¬ 
ducible  noise. 

Revised  Hartley  Law 
At  the  meeting  of  the  New  York 
IRE  Section  on  Nov.  12  (p  72,  this 
issue)  the  Hartley  Law  was  ex¬ 
tended  to  include  the  effect  of  sig¬ 
nal-noise  ratio  on  the  transmitted 
bandwidth.  A.  G.  Clavier  of  Fed¬ 
eral  Telecommunication  Labora¬ 
tories  applied  the  revised  law  to  the 
determination  of  the  relative  trans¬ 
mission  efficiencies  of  various  forms 
of  modulation  operating  well  above 
the  noise  level.  Mr.  Clavier,  as  re¬ 
ported  below,  defined  transmission 
efficiency  in  terms  of  the  spectrum 
fm  and  the  time  occupied  by  the 
message  (before  modulation  and 
after  demodulation),  and  the  band¬ 
width  /,  and  the  time  of  use  t,  of 
the  transmission  channel  or  line 
(after  modulation  and  before  de¬ 
modulation  as 

^  tm  logW  (1  -I-  Sn,/N„) 

where  S/N  in  each  case  is  the  sig¬ 
nal-noise  ratio  in  power  units.  The 
numerator  and  denominator  are  ex¬ 
pressions  of  the  revised  Hartley 
law,  as  derived  elsewhere  in  this 


Magnetic  Oxygen  Analysers 

Oxygen  is  one  of  the  few  strongly 
paramagnetic  gases ;  that  is,  it  has  a 
permeability  greater  than  unity  but 
does  not  exhibit  saturation  as  do 
ferromagnetic  substances.  This 

(2)  property  of  oxygen  can  be  used  in 
gas  analysers  to  indicate  the  pre- 
cent  of  oxygen  present  in  a  mixture. 
However,  the  property  is  usually 
used  indirectly  to  induce  a  gas  fiow, 
the  cooling  of  the  circulating  gas 
producing  the  indication.  Nitric 
oxide  is  also  strongly  paramagnetic. 

For  analysing  the  oxygen  content 
of  gases  inhaled  by  flight  personnel 
during  experiments  by  the  Aero 

(3)  Medical  Laboratory  at  Wright 
Field,  The  Brown  Instrument  Co. 

Here  m  is  ratio  of  time  displace-  developed  an  analyser  consisting  of 
ment  of  the  pulse  to  pulse  duration,  a  brass  measuring  cell  in  a  strong 
a  quantity  similar  to  the  modula-  but  inhomogeneous  magnetic  field 
tion  index  in  f-m.  In  this  case,  as  produced  by  Alnico  V  magnets, 
shown  in  the  table,  the  efficiency  is  Fine  platinum  wires  forming  arms 
lower  than  in  f-m  and  decreases  of  a  hot-wire  bridge  were  located  in 
with  increasing  values  of  m.  the  cell. 

In  pulse-code  modulation,  the  In  operation,,  the  bridge  arms 
efficiency  is  constant  at  the  value  heat  the  gas.  Because  the  magnetic 
7)  =  0.33,  and  is  higher  than  the  susceptibility  of  the  heated  oxygen 
best  case  in  f-m  or  ptm.  is  lower  than  that  of  the  cool 

Mr.  Clavier  inquired  into  what  oxygen,  it  is  forced  to  regions  of 
system  would  produce  an  efficiency  low  flux  density  and  is  replaced  by 
which  increased  with  the  bandwith.  cooler  oxygen  from  regions  of  high 
One  such  system  is  pulsed  fre-  flux  density.  The  gas  movement  so 
quency  modulation  (pfm)  in  which  produced  cools  the  platinum  wires, 
an  amplitude-modulated  pulse  train  the  amount  of  cooling  being  propor- 
frequency  modulates  the  carrier.  In  tional  to  the 'concentration  of  para- 
this  case  the  expression  is  magnetic  gas  (oxygen)  present  in 


(m  4-  1)  (2.76  —  log  m) 

In  this  case,  the  transmission 
efficiency  decreases  as  the  modula¬ 
tion  index  increases  (as  the  band¬ 
width  increases  for  a  given  grade  of 
service) . 

In  the  case  of  pulse-time  modula¬ 
tion,  in  which  the  position  of  a 
pulse  in  a  sequence  is  varied  with 
the  modulation,  the  expression  is 
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Shown  obovo  i>  on  intorier  viow  of  tho  202-B  Signal  Gonorolor  RF 
otsombly  wHh  thiold  covor  romovod.  Hoovy  oluntinum  castings  form 
tho  mounting  boso  of  this  RF  unit  rosuHing  in  a  compact  and  highly 
rigid  structwro.  Oirdor  typo  condonsor  framo  construction,  muhiplo 
rotor  shaft  grounding  contacts,  and  woldod  intorstago  shiold  platos 
aro  but  a  fow  of  tho  many  dosign  foaturos  of  this  unit  which  givo 
oddod  circuit  stability. 


Designed  to  meet  the  exacting  requirements  set  forth  by  leading  FM  and  television 
engineers  throughout  the  country,  the  202-B  FM  Signal  Generator  has  found  widespread 
acceptance  as  the  essential  laboratory  instrument  for  receiver  development  and 
research  work. 


Froquoncy  covorago  from  54  to  216  mogacyclos 
is  provided  in  two  ranges,  54  to  108  megacycles 
and  108  to  216  megacycles.  A  front  panel  modu* 
lation  meter  having  two  deviation  scales,  0-80 
kilocycles  and  0-240  kilocycles,  permits  accurate 
modulation  settings  to  be  made. 

Although  fundamentally  an  FM  instrument,  ant- 
plitude  modulation  from  zero  to  50%,  with  meter 
calibrations  at  30%  and  50%,  has  been  incor¬ 
porated.  This  AM  feature  offers  increased  versa¬ 
tility  and  provides  a  means  by  which  simultaneous 
frequency  and  amplitude  modulation  may  be 
obtained  through  the  use  of  an  external  audio 
oscillator. 

The  internal  AF  oscillator  has  eight  modulation 
frequencies  ranging  from  50  cycles  to  1 5  kilocycles, 
any  one  of  which  may  be  conveniently  selected  by 


BOONTON  RADIO  ^ 


a  rotary  type  switch  for  either  amplitude  or  fre¬ 
quency  modulation. 

The  calibrated  piston  typo  attenuator  has  a 
voltage  range  of  from  0.1  microvolt  to  0.2  volt  and 
Is  standardized  by  means  of  a  front  panel  output 
monitor  meter. 

The  output  impedance  of  the  instrument,  at  the 
terminals  of  the  R.F.  output  coble,  is  26.5  ohms. 

AVAILABLE  AS  AN  ACCESSORY 
is  the  203-B  Univerter,  a  unity  gain  frequency  con¬ 
verter  which,  in  combination  with  the  202-B  instru¬ 
ment,  provides  the  additional  coverage  of  commonly 
used  intermediate  and  radio  frequencies. 

R.F.  Range:  0.4  me.  to  25  me. 

R.F.  Increment  Dial:  =*=250  kc.  in  10  kc. 
increments. 

R.F.  Output:  0.1  microvolt  to  0.1  volt.  Also 
approximately  2  volts  maximum  (un¬ 
calibrated). 

For  further  ioformaHon  writo  for  Cotofog  C 


Typo  203-B 


OeSlCNERS  AND  MANUFACTURERS  OF  THE  "O’*  METER  .  .  ,  OX-CMECKER  .  .  .  FREQUENCY  MODULATED  SIGNAL 
~ generator  .  .  .  SEAT  FREQUENCY  GENERATOR  .  .  .  AND  OTHER  DIRKT  READING  TEST  INSTRUMENTS 


FM  SIGNAL  GENERATOB 


Typi>  202-H  mr> 

Additional  coverage  from  0.1 — 25  me. 
with  accessory  UNIVERTER  Type  203-B 
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the  cell.  The*  unbalance  of  the 
bridge  produced  by  differential  cool¬ 
ing  of  the  arms  provides  the  oxygen 
indication.  (Constructional  de¬ 
tails  and  performance  of  the  ana¬ 
lyser  are  described  in  A  Paramag¬ 
netic  Oxygen  Analyser, .by  C.  A. 
Dyer,  in  The  Review  of  Scientific 
Instruments,  p  696,  Oct.  1947.) 

A  similar  instrument  was  de¬ 
veloped  in  Germany.  It,  too,  de¬ 
pended  on  the  change  in  paramagne¬ 


found  particularly  satisfactory  for 
measuring  oxygen  content  of  acety¬ 
lene  and  butadene.  (Multilithed 
paper-bound  copies  of  the  188  page 
report,  including  discussions  of  this 
and  other  German  instruments  pre¬ 
pared  for  British  Intelligence  and 
made  available  in  America  through 
the  Office  of  Technical  Services,  can 
be  obtained  from  Mapleton  House, 
Publ.,  5415  17th  Ave.,  Brooklyn  4, 
N.  Y.  at  $6  a  copy.) 


tism  of  oxygen  that  takes  place  with 
temperature  changes,  and  used  the 
induced  flow  of  oxygen  to  cool  the 
two  halves  of  a  center-tapped 
platinum  resistance  coil  in  a  Wheat¬ 
stone  bridge.  The  normal  range  of 
the  instrument  was  0-2  percent 
oxygen,  but  the  range  could  be  ex¬ 
tended.  This  instrument  also  pro¬ 
vided  almost  instantaneous  record¬ 
ing,  independence  of  chemical  reac¬ 
tions,  and  ease  of  operation.  It  was 


ReMorch  student*  measure  and  tabulate 
the  temperature-resistance  characteristics 
and  resistiTities  of  the  samples 


The  test  bars  are  fired  at  high  temperature 
for  sereral  hours  in  a  hydrogen  atmosphere 
to  complete  the  processing 


In  research  into  semiconductors,  after  the 
powders  are  thoroughly  mixed,  the  author 
compresses  them  into  test  samples 


the  electrochemical  reaction  be¬ 
tween  the  two  particles  in  contact, 
the  contact  areas,  and  the  pressures. 
In  general,  because  of  the  process¬ 
ing  techniques,  the  contact  resist¬ 
ances  along  different  axes  of  the 
composite  material  (series  and  par¬ 
allel  contacts)  will  differ.  Thus, 
the  total  resistance  of  the  body  will 
be  composed  of  nine  different  types 
of  resistance  (for  a  resistor  com¬ 
posed  of  three  materials)  each  of 
which  may  have  its  own  tempera¬ 
ture  coefficient. 

In  a  sintered  ceramic,  the  total 
resistance  of  the  particles  is  de¬ 
pendent  on  their  total  volume,  or 
weight,  and  is  independent  of  their 
particle  size.  However,  a  change  in 
particle  size  in  the  raw  material  will 
change  the  number  of  contacts  be¬ 
tween  particles;  a  change  in  par¬ 
ticle  shape  would  also  change  the 
number  of  contacts.  In  addition, 
the  contact  surface  area  and  con¬ 
tact  pressure  can  be  affected  by 
compacting  pressure,  sintering  tem¬ 
perature,  and  time. 

To  study  effects  of  particle  size, 


Resistivity  and  temperature  coeffi¬ 
cient  of  resistance  can  be  controlled 
by  composition  and  processing  of 
resistors  made  of  sintered  ceramic- 
metal  compounds.  Research  into  the 
controlling  factors  and  obtainable 
properties  shows  that  resistors  can 
be  made  with  various  characteris¬ 
tics,  possibly  with  zero  temperature 
coefficient.  The  accompanying  pho¬ 
tographs  show  how  these  resistors 
are  made  and  tested  in  the  Powder 
Metallurgy  Laboratory  at  New 
York  University. 


Sintered  Semiconductors 


By  Henry  H.  Hausner 

Conaultinp  Engineer 
Research  Division 
College  of  Engineering 
New  York  University 
New  York,  N.  V. 


semiconductors,  but  they  can  have 
positive,  negative,  or  zero  temper¬ 
ature  coefficients,  or  temperature 
coefficients  that  change  variously 
with  temperature.  Common  semi¬ 
conductors,  on  the  other  hand,  have 
negative  temperature  coefficients 
(at  room  temperature). 

Figure  1  shows  a  schematic  dia¬ 
gram  of  a  sintered  ceramic  material 
and  the  respective  equivalent  cir¬ 
cuit.  The  sintered  material  is  com¬ 
posed  of  three  components  A,  B,  and 
C,  which  can  be  considered  of  spher¬ 
ical  shape,  uniform  particle  size, 
and  uniform  distribution  through¬ 
out  the  mixture.  Resistances  of  the 
individual  particles  are  R.„  R,,  and 
Rr,  which  will  in  general  be  differ¬ 
ent  from  each  other.  In  series  with 
each  of  these  particle  resistances 
are  the  contact  resistances  Rabx, 
Raby,  Rbox,  Rboy,  Raoj,  Racy-  The 
contact  resistances  will  depend  on 


Resistance  Mechanism 


Resistivities  of  sintered  ceramic- 
metal  materials  are  determined  by 
many  controllable  variables,  and  do 
not  follow  the  laws  for  other  re¬ 
sistive  materials.  Being  composite 
materials  containing  conductors, 
semiconductors,  and  nonconductors, 
their  resistances  result  from  both 
the  contact  between  particles  and 
the  resistance  within  individual 
particles.  Their  resistivities  fall  in 
the  range  10'*  to  10*  ohm-cm  char¬ 
acteristic  of^semiconductors,  and 
therefore  they  may  be  classed  as 


(continued  on  p  178) 
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ELEC! 


Industrial  Service  Plan 


The  Best  Resistors 
Are  Not  Enough 


The  most  complete  line  of  high  quality  resistors  is) 

IRC  considers  sincere  service— cooperative  devel 
unbiased  recommendations,  on  time  deliverie 
in  emergencies  and  friendly  follow  thru  al» 
advancing  demands  of  industry.  I 

The  RESISTOR  ANALYSIS  COUNCj 
ment  of  this  concept.  S{>onsored  b| 
provide  experienced  technical  aid. 
electrical  and  mechanical.  Worng  together  on  your  specific 
requirements,  confidential  anwsis  may  disclose  ways  to  cui 
assembly  costs,  eliminate  llKpensive  ''specials’'  or  imprt 
performance.  You  may  obHin  this  counsel  by  sending  avai 
fjk  data  on  your  resistor  pRblem  to  the  RAC  at  — Intern 

Resistance  Company,9oi  N.  Broad  St.,  Philadelph 


iment  work, 
genuine  help 
k'ltal  in  meeting 


A  MW  KC  indwtry  **rvictt.  Composed  of  MtC  oloctrkal  and 
mochonkol  onginoon  phn  prodwctSon  tpocialiiH,  tho  RAC— 
Rosi<tor  Anolysit  Covncil  oporotos  at  contultant  to  anginaart 
ond  datignart.  Providat  conAdanliol  onalytit  of  rotistor 
roawiromontt — holpt  totvo  •loctric'ol,  m*<honical  and  cost 
coraidafationt.  RAC't  induttry  knowUdg*  it  twfRcionHy  brood 
tfiot  rocommondotiont  nood  not  bo  confined  to  IRC  prodwett. 
Contoit  Hio  Rotbtor  Anoiytit  Council  on  your  protont  or 
•ntkipotod  rotbtor  problems. 


Only  IRC  produces  such  a  wide  range  of  resbtor  types.  Ail 
your  requirements  con  be  reodily  supplied  from  one  source. 
Manufacturing  all  types,  IRC's  recommendation  on  the  proper 
resistor  for  your  product  is  unbiased.  For  over  two  decades 
IRC  has  concentrated  its  engineering  and  monufacturing 
talent  exclusively  on  resistors.  You  benefit  by  this  accumu¬ 
lated  experience  vrhen  you  specify  IRC.  Technicol  Dato 
lulletins  ore  available  on  ooch  IRC  resistor  type. 


furdioting  Agents  ond  moteriol  control  executivet  rely  upon 
IRCt  "on  time”  deliveries.  They  know  thot  regardless  of  o 
product's  Mgli  quoKty,  assembly  line  problems  ore  a  noturol 
consequence  when  delivery  schedules  aren't  met.  IRC  delivers 
”en  time”— oho  maintains  foctory  stock  piles  of  most  popular 
resistor  types  and  ranges  assuring  you  of  real  assbtonce 
In  emergencies. 


Providing  speedy  ''round-the-corner"  deliveries  on  your  smoN 
order  requirements,  IRC's  distributor  netvrork  maintains  well- 
stocked  shelves  of  oR  standard  Hems.  No  time  lost  when  you 
need  experimental  or  maintenance  quontHies  in  a  hurry. 
When  time  meons  money  you  profit  by  competent  service 
from  the  IRC  distributor  in  your  oreo— wrHe  for  his  name 
and  address. 


INTERNATIONAL 


^  04  CANADA,  INnntATIOKAl  RI&iSTANCC  COMPANY,  ITD.,  tORONTO,  UCtNStt 

Ipee*  IssMers  *  Prerwen*  •  Intwlatse  Cemeoilr^  RsiiMort  •  too  Wattoe*  Ww*  'MovnAt  •  RKaoiloh  *  CoMrolt  *  Votinarar  Mvkifliafr  •  Vehaea  •  Ht  on4  Higli  VaAof  ItHuert 
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New  equipment,  components,  packaged  units, 
allied  products;  new  tubes.  Catalogs  and  manu< 
facturers’  -  publications  received. 


currents  to  indicate  displacements 
to  right  or  left  of  null.  The  tube 
has  no  moving  parts.  Signal  de¬ 
pends  only  upon  the  rate  at  which 
convection  currents  leave  a  heated 
filament  to  rise  along  the  vertical. 


described  in  an  available  brochure 
gives  an  essentially  flat  response 
from  30  to  16,000  cycles  at  low 
harmonic  and  intermodulation  dis¬ 
tortion.  Mounted  in  a  corner,  the 
speaker  gives  good  dispersion  of 


and  many  automatic  features  are 
built  in  to  make  the  equipment  suit¬ 
able  for  remote,  unattended  opera¬ 
tion.  As  many  as  100  transients 
can  be  handled  either  seconds  or 
months  apart.  Write  for  technical 
bulletin  SP-196. 


USING  THE  NUMBERS 

Readers  desiring  further  details 
concerning  any  item  listed  in  the  New 
Products  department  can  obtain  the 
information  by  using  the  cards  fur¬ 
nished  as  a  stiff,  colored  insert  else¬ 
where  in  this  department. 

Place  the  number  (appearing  to 
the  right  of  the  heading)  of  one 
item  in  which  you  are  interested  in  a 
circle  and  then  fill  out  the  balance 
of  the  card  according  to  directions 
appearing  on  the  colored  sheet.  Un¬ 
numbered  items  listed  at  the  end 
should  be  procured  direct  from  the 
manufacturer  or  publisher  upon  pay¬ 
ment  of  the  fee  noted. 


Electronic  Plumb  Bob  (2) 

Eclipse-Pioneer  Div.,  Bendix 
Aviation  Corp.,  Teterboro,  N.  J. 
The  Y-type  position  Convectron 
when  used  in  a  bridge  circuit  is 
able,  by  changes  in  gas  convection 


middle  and  high  frequencies 
throughout  a  room.  Output  of  the 
model  described  is  rated  20  watts. 


Kilovoltmeter  (4) 

Beta  Electronics  Co.,  1762  Third 
Ave.,  New  York  29,  N.  Y.  Series 
101  kilovoltmeter  has  a  full-scale 
drain  of  only  20  microamperes  and 
is  available  in  ranges  up  to  50  kilo¬ 
volts.  Guaranteed  accuracy  of 


each  instrument  is  3  percent  of  full- 
scale.  They  have  beeh  designed  for 
television,  electrostatic  precipitator, 
Geiger  counter,  and  similar  work. 


Photo  Control  (5) 

Langevin  Co.,  Inc.,  37  West  65th 
St.,  New  York  23,  N.  Y.  First  of  a 
new  series  of  industrial  electronic 
controls  is  the  model  SC-300  photo¬ 
electric  scanner  that  can  be  adjusted 


to  operate  with  transmitted  or  re¬ 
flected  light.  Bulletin  1021  gives 
some  further  details. 


Frequency  Meter  (6) 

Browning  Laboratories,  Inc.,  742 
Main  St.,  Winchester,  Mass.  The 
new  model  S-5  frequency  meter 
operates  between  30  and  500  mega- 
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WHere  they  are— ond  here's  why  more  Rd^eon  Sobminloture 
g  Tubes  are  on  the  job  thon  all  other  makes,  combined  -  five 
million  of  them  for  commercial  applications. 

IIDUCID  FIOOUCT  8IZI  .  .  . 

INCRIASID  PRODUCT  SAIAIILITY. 

Raytheon  filam«ntary  SwbminiahirM  ar« 
flof.  Bott»riM  con  b«  instood  of  big 
bocouM  of  oxtromoly  low  filamont  drain.  4,  RIAOILT  AVAILARLI  PROM  STOCK. 

Ovor  holf  a  million  of  Hm  Tub**  dotcribod 
boiow  or*  on  lop  ot  aN  rim««.  Tlioy  or* 
stondord  Ibrowghouf  tho  world. 


otsombly  molliodt  bocfcod  by  oiglit  yoort' 
confintNMis  prodvctkm  of  long-Kf*  Sob* 
mMoturo  Tub**. 


2,  PLUG  INTO  STANDARD  SOCKCTS. 

A/f  Roytboon  Subminialuros  con  •ilhor  bo 
$oldorod  in  or  plugged  into  tockoh 
ovoilabio  from  a  number  of  manufac¬ 
turer*. 


5.  AT  YOUR  LOCAL  DISTRISUTOR.  Over 
Hiree  hundred  Raytheon  Special  Purpora 
Tube  Distributor*  stand  ready  to  serve 
you  qukkly  and  intelligently.' 


3^  AS  RILIASLI  AS  A  PIN!  WATCH  — 

the  result  of  Raytheon’s  unique  precision 


Typkol  Opsrotino  Condrtto 
Mala  S«r««" 

.  V^fog*  C^am  C«rr«"f 

°MW*  x"  vSiH  MA  Volts  MA 


CharocterUtlc.  of  Repro.ei.tatlvo 

Sii«  y* 
IncMft  VolH 


TypR 

NIAIIt  CATMODl  TTPIS 

*  CK605CX  Choroctoristies  of  6AK5 
CIC606SX  Dioa..  aguWolont  to  ono-hol 

CK608CX  Triod.UHfOKillotor.Hw, 

CX619CX  Triodo  High  mw. 

PILAMINI  ttms 

2E31-32  RF  Pwitodo  lor  pockot  rodi 

12E35-36  Output  Fantodo  lor  pock.t 
2E41  -42  Diodo  Pontodo  lor  potkot 

2021-22  Triodo  Htptodo  lor  po<k* 

RK61  •  GoiTriod.,tadioCentrol 

CK502AX  Output  Pantodo 

CK503AX  Output  Pantoda 

CKSOSAX  Voltoga  Amp.  Pant. 

CK506AX  Output  Pantoda 

0X51 OAX  Doubla  Spoca  Chorga  T 
ClfSl  2AX  low  mkrophook  voltogi 
rv  AX  Output  Pantoda  20  mo 


CK523AX  Output  Pantoaa 

CX524AX  Output  Pantoda 

CK523AX  Output  Pantoda 

CX526AX  Output  Pantoda 

CXS51AXA  Dioda  Pantoda 
CX553AXA  RF  Pantoda 
a  CX5672  Output  Pantoda 

CX5676  Tr.oda,UHFO«aiotorlorrodiou.a 

Trioda,  UHF  OscHlotor  lor  radio  usa 
RF  Pantoda 

Elactromatar  Trioda  Mo«.  grid 
5  X  10“*’  ompi. 


CX5677 

CX5678 

CK570AX 


RAYTHION  MANUFACTURING  COMPANY 

SPtCIAL  rU»B  SiCTION  * 

Newton  5S«  Massachusetts  Z3 


RAYTHEON) 


UOIO  UCIIVINO  TUHS  •  SUUtINUTUK  TUSES  •  sncui  nilWOSE  TUUS  •  MClOWAvi  TUNS 
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cycles  with  an  overall  accuracy  of 
0.0025  percent.  The  crystal  stand¬ 
ard  with  oven  has  a  long-time  ac¬ 
curacy  of  0.001  percent.  A  tele¬ 
scoping  antenna  is  employed  as  a 
means  of  pickup. 

Level  and  Impedance 
Matcher  ^7) 

Pierce  Products  Co.,  Box  3840, 
Merchandise  Mart  Sta.,  Chicago  54, 
Ill.  Type  VA-11  variable  attenuator 
and  impedance  matching  unit  is  a 
portable  apparatus  used  in  all  sound 
work  where  adjustments  rire  re¬ 
quired.  Input  impedances  for  50, 
250,  and  600  ohms  as  well  as  bridg¬ 
ing  are  provided  as  are  similar  out¬ 
put  impedances.  Output  and  input 
can  be  balanced  or  unbalanced. 


tors  with  high  leakage  resistance 
and  low  power  factor  are  available 
in  the  capacitance  range  from  5  to 
100,000  micromicrofarads  for  use 
with  voltages  from  500  to  10,000. 

Mixed  Grille 

POLYPLASTEX  UNITED,  INC.,  92-35 
Horace  Harding  Blvd.,  Elmhurst, 
New  York,  N.  Y.  Made  of  a  mix¬ 
ture  of  unwoven  plastics  and  Fiber- 
glas,  Synspun  radio  grille  material 
is  available  in  colors  and  metallic 
finishes.  Although  it  is  self-sup¬ 
porting,  the  material  is  porous  up 
to  70  percent  of  its  surface. 


Temperature  Controller 

Thermo  Electric  Mfg.  Co.,  480 
West  Locust  St.,  Dubuque,  Iowa.  A 
new  stepless  controller  and  temper¬ 
ature  indicator  contains  a  sensitive 
thermostatic  switch,  controlled  by  a 
knob  on  the  instrument  panel,  that 


30-40  megacycles.  Gains  for  6  ele¬ 
ment  arrays  are  rated  at  7.6  db; 
used  in  pairs  the  overall  gain  is 
15.2  db.  Data  sheets  tell  a  more 
complete  story. 

Ham  Kit  ^^2) 

Micamold  Radio  Corp.,  1087  Flush¬ 
ing  Ave.,  Brooklyn  6,  N.  Y.  A  c-w 
transmitter  kit  XTR-1  includes  all 
the  parts  for  a  45-watt  input  trans¬ 
mitter  that  operates  on  20,  40,  and 
80  meters. 


When  used  between  matching  input 
and  output  impedances,  the  range  of 
attenuation  is  2  to  60  db  in  2-db 


i 


steps  with  infinite 
the  last  step. 


attenuation  on 


can  be  set  to  regulate  current  input 
into  heating  equipment  anywhere 
from  5  to  100  percent  time  on.  The 


Transcription  Equipment 


(13) 
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Small  Capacitor 

Dumont  Electric  Corp.  34  Hubert 
St.,  New  York,  N.  Y.  Small  capaci- 


unit  compensates  for  line-voltage 
changes.  Descriptive  literature  is 
available. 


Gray  Research  and  Development 
Co.,  Inc.,  Elmsford,  Westchester 


NC 


lj,il 

j  1 

'b 

Point-to-Point  Antennas  dD 

The  Workship  Associates,  Inc., 
66  Needham  St.,  Newton  Highlands 
61,  Mass.  High-gain  antennas  pre¬ 
viously  designed  for  other  services 
are  now  available  for  emergency 
and  fixed  service  work  in  the  fre¬ 
quency  bands  152-162,  72-76,  and 


(continued  on  p  197) 
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All-PURPOSE  HI-TEMP  MOLDED 

SEAIDTITE*  PAPER  CAPACITORS 


Check  these  advantages 

HEAT-RESISTANT  TO  100*  C 
/  AVAILABLE  IN  BOTH  HALOWAX 
AND  MINERAL-OIL 
IMPREGNATION 

/  PROVEN  SUPERIOR  MOISTURE 
RESISTANCE 

SOLID,  SQUEEZE-PROOF 
HOUSING 

^  BOLD,  LEGIBLE  LABELS 

8  MOLD  SIZES  FOR  MAXIMUM 
SPACE  ECONOMY 

^  NO  INCREASE  IN  PRICE 


Sealdtite  Capacitors,  the  molded  tubulars  first  pioneered  by  Solar 
in  1939,  are  now  truly  all-purpose  capacitors.  The  recent  introduction 
of  new  Hi-Temp  molded  jackets  makes  Sealdtite  Capacitors  a  univer¬ 
sal  choice  for  both  automobile  and  home  radio  applications. 

More  than  a  year's  field  trials  of  more  than  5,CXX),000  Hi-Temp 
molded  Sealdtites  in  automobile  and  export  receiver  applications  have 
proven  the  superior  quality  of  this  latest  Solar  development  in  the 
capacitor  art. 

Securely  sealed  against  atmospheric  moisture  by  a  tough  molded 
armor,  Sealdtite  Capacitors  maintain  their  exceptionally  high  insula¬ 
tion  resistance  throughout  their  extremely  long  life.  Unlike  conven¬ 
tional  tubulars,  Sealdtites  have  no  cardboard  tubes  to  grow  soggy, 
or  internal  voids  to  collect  moisture. 

Hi-Temp  Sealdtite  Capacitors  have  attractive  labels  in  bold,  easy- 
to-read  type.  Their  smooth  surface  attracts  no  dust  and  drips  no  wax. 

Investigate  today  1  ® 

SOLAR  MANUFACTURING  CORPORATION 

1445  HUDSON  lOUUVAIID,  NORTH  KR6EN,  N.  J. 

Plants  at:  North  Borgon  and  Bayenno,  N.  J.;  Chicago,  III. 


★  T.M.  R*9.  O.S.  fat»nt  OMr* 


SOLAR  CAPACITORS 

"Quality  Above  All" 
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NEWS  OF  THE  INDUSTRY 


Edited  by  JOHN  MARKUS 


IRE  Officers  and  1948  Awards,  National 
Electronics  Conference,  Rochester  Fall  meet¬ 
ing,  propose  recording  standards 


I.  A.  Hutcheson 


Jphn  A.  Hutcheson,  associate  di- 
reclbr  of  research,  Westinghouse 
Electri^  Corporation,  East  Pitts¬ 
burgh,  Pa,,  was  elected  director 
for  the  East  Central  Region. 

Theodore  A.  Hunter,  president  of 
Hunter  Manufacturing  Company, 
Iowa  City,  Iowa,  and  staff  consult¬ 
ant  for  the  psychology  department 
of  the  University  of  Iowa,  was 
elected  director  of  the  Central  Re¬ 
gion. 

A.  Earle  Cullum,  Jr.‘,  consultant 
radio  engineer,  Dallas,  Texas,  was 
elected  director  for  the  Southern 
Region. 

Frederick  E.  Terman,  past  presi¬ 
dent  and  a  Fellow  of  the  IRE,  and 
now  dean  of  the  School  of  Engineer¬ 
ing,  Stanford  University,  Califor¬ 
nia,  was  elected  director  of  the 
Pacific  Region. 

Frederick  S.  Howes,  associate 
professor  of  electrical  engineering 
and  consulting  engineer  at  McGill 
University,  Montreal,  Quebec,  Can¬ 
ada,  was  elected  director  for  the 
Canadian  Region. 


New  IRE  Officers 


Benjamin  E.  Shackelford,  man¬ 
ager  of  the  licence  department  of 
RCA  International  Division,  New 
York,  N.  Y.,  has  been  elected  presi¬ 
dent  of  the  Institute  of  Radio  Engi¬ 
neers  for  1948.  Reginald  L.  Smith- 
Rose,  superintendent  of  the  radio 
division.  National  Physical  Labora¬ 
tory,  Teddington,  Middlesex,  Eng¬ 
land,  will  be  vice-president. 

For  director-at-large  for  the 
1948-1950  term,  two  members  were 
elected;  James  E.  Shepherd,  re¬ 
search  engineer  at  Sperry  Gyro¬ 
scope  Company,  Inc.,  Great  Neck, 
Long  Island,  N.  Y. ;  Julius  A.  Strat¬ 
ton,  professor  of  physics  and  direc¬ 
tor  of  the  Research  Laboratory  of 
Electronics,  MIT,  Cambridge,  Mass. 

Herbert  J.  Reich,  professor  of 
electrical  engineering,  Dunham 
Laboratory,  Yale  University,  New 
Haven,  Conn.,  was  elected  director 
to  represent  the  North  Atlantic 
Region. 

John  V.  L.  Hogan,  president  of 
the  Interstate  Broadcasting  Com¬ 
pany,  Inc.,  radio  stations  WQXR, 
WQXQ;  president  of  Radio  Inven¬ 
tions,  Inc.;  and  president  of  Fax- 
imile,  Inc.,  New  York,  N.  Y.,  was 


H.  J.  Belch 


T.  A.  Hunter 


J.  B.  Ck>leman 


elected  director  for  the  North  Cen¬ 
tral  Atlantic  Region. 

John  B.  Coleman,  assistant  direc¬ 
tor  of  engineering  of  the  RCA  Di¬ 
vision,  Radio  Corporation  of  Amer¬ 
ica,  Camden,  N.  J.,  was  elected 
director  for  the  Central  Atlantic 
Region. 


Microwave  Relay  Used 
for  Televising  Football 

A  70-MILE,  microwave  three-hop 
television  relay  connecting  Chicago, 


B.  E.  Shockcllord 


R.  L.  Smith-Rote 


J.  E.  Shepherd 


I.  A.  Stratton 
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DIAGRAM 


with  the  IMPROVED  LAVOIE  C-200 

HARMONIC  FREQUENCY  GENERATOR 


Th«  Harmonic  Freouency  Generator  has  been 
improved  for  frequency  standardization  of  receivers 
ond  frequency  meters  up  to  and  beyond  2000  Mega¬ 
cycles.  Also,  by  means  of  o  beat  detector  built  into 
the  instrument  it  is  possible  to  standardize  oscillators 
and  signal  generators  with  equal  facility. 

Further  circuit  refinements  hove  produced  a  fre¬ 
quency  accxirocy  of  0.001%.  which  extends  from  100 
Megacycles  to  2000  Megacycles  in  either  10  Mega¬ 
cycle  or  40  Megacycle  steps. 

The  output  voltage  is  supplied  at  a  UG-58/U 
50-ohm  connector  with  output  coupling  controls  to 
obtain  peak  performance  for  o  given  harmonic.  A 
milliammeter  is  incorporated  in  the  instrument  to 
facilitote  easy  adjustment  of  the  output  controls.  The 
output  voltage  may  be  either  unmodulated  or  modu¬ 
late  with  400  cps  internal  oscillator.  The  generator 
provides  output  voltages  every  10  Megacycles  or 
every  40  Megacycles.  This  selection  is  made  by  a 


switch  on  the  front  panel.  The  harmonic  voltage  is 
in  the  order  of  thousands  of  microvolts  for  each 
harmonic  with  a  value  of  approximately  50,000  micro¬ 
volts  at  100  Megacycles  and  1500  microvolts  at  1000 
Megacycles. 

Provision  is  made  for  the  standardization  of  signal 
generators  and  oscillators  by  the  incorporation  of  a 
beat  frequency  detector  in  the  generator.  The  output 
of  this  beat  frequency  detector  may  be  monitored, 
either  aiually  or  visually  with  a  tuning  eye  indicator. 

To  facilitate  harmonic  identification,  frequency 
identifiers  can  be  supplied  for  any  harmonic  fre¬ 
quency  (multiple  of  10  Megacycles)  between  100  and 
1000  Megacycles.  The  identifier  is  adjusted  at  our 
factory. 

This  instnunent  is  supplied  with  accessories  needed 
for  Its  operation,  including  tubes,  5  Megacycle  crys- 
taL  output  coupling  cable  and  instruction  book. 


H  Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 
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Writ*  for  Illustrated 
Oescriptiv*  Folder 

- -  RADIO  ENGINEERS  AND  MANUFACTURERS 

MORGANVILLE.  N.  J. 


MEETINGS 

March  22-25:  IRE  Convention 
and  Radio  Engineering  Show, 
Hotel  Commodore  and  Grand 
Central  Palace,  New  York  City. 

April  7-^:  Midwest  Power  Con¬ 
ference,  Sheraton  Hotel,  Chi¬ 
cago. 

May  9-14 :  1948  Radio  Parts 
Show,  Hotel  Stevens,  Chicago. 


WBKB 

STATE  LAKE 
■LOO 


NEW 

CARLISLE 


SOUTH 
—  SEND 


Locotions  ol  mlcrowav*  rwloy  towwn  used  in  bringing  South  Band  talavUion  pickups  ol 

football  gomas  to  Chicago 


Illinois  with  South  Bend,  Indiana  relay  equipment  was  developed  by 
brought  home  football  games  of  the  Gleneral  Electric  engineers  at  Elec- 
Notre  Dame  team  to  television  sta-  tronics  Park,  Syracuse,  N.  Y.  and 
tion  WBKB  for  telecasting  to  the  was  installed  under  the  direction  of 
Chicago  television  audience.  The  Captain  Eddy,  manager  of  WBKB. 


David  Packard,  Hewlett-Packard  Com¬ 
pany,  Palo  Altp.  Calif. 

J.  R.  Pierce.  Bell  Telephone  Laboratories, 
New  York,  N.  T. 

Albert  Rose,  RCA  Laboratories,  Prince¬ 
ton,  N.  J. 

Arne  Schleimann-Jensen,  Stockholm, 
Sweden 

R.  B.  Shelby,  National  Broadcasting  Com¬ 
pany,  New  York,  N.  Y. 

J.  B.  Shepherd,  Sperry  Gyroscope  Com¬ 
pany,  Great  Neck,  N.  Y. 

D.  B.  Smith,  Phllco  Corporation,  Phila¬ 
delphia,  Pa. 


IRE  Awards  for  1948 


The  Institute  of  Radio  Engineers 
announces  that  its  Medal  of  Honor 
for  the  year  1948  will  be  awarded 
to  L.  C.  F.  Horle  for  “his  contribu¬ 
tions  to  the  radio  industry  in  stand¬ 
ardization  work,  both  in  peace  and 
war,  particularly  in  the  field  of 
electron  tubes,  and  for  his  guidance 
of  a  multiplicity  of  technical  com¬ 
mittees  into  effective  action.”  Mr. 
Horle  has  been  a  practicing  con¬ 
sultant,  specializing  in  industrial 
standardization  in  the  communica¬ 
tions  field  since  1929.  He  is  chief 
engineer  of  the  Radio  Manufac¬ 
turers  Association,  in  charge  of 
the  RMA  Data  Bureau.  He  was 
elected  to  Fellow  grade  in  1925  and 
in  1940  was  president  of  the  Insti¬ 
tute. 


Memorial  Prize  the  Board  named 
W.  H.  Huggins  for  his  paper  on 
“Broadband  Noncontacting  Short 
Circuits  for  Coaxial  Lines,”  which 
appears  in  three  parts  in  the  Sep¬ 
tember,  October,  and  November  is¬ 
sues  of  the  PROCEEDINGS  for 
1947.  He  is  a  radio  engineer  with 
the  Army  Air  Forces  at  the  Cam¬ 
bridge  Field  Station  of  Watson 
Laboratories.  These  awards  will 
be  officially  conferred  upon  the  re¬ 
cipients  at  the  1948  IRE  National 
Convention  in  New  York  on  March 
24,  1948. 


New  Atom-Smasher 

Plans  for  immediate  construction 
of  a  200-ton,  60-inch  cyclotron  on 
the  campus  of  the  University  of 
Washington  in  Seattle  have  been 
announced.  The  huge  atom-smasher 
and  the  structure  in  which  it  will 
be  housed  will  cost  an  estimated 
$375,000. 

Patterned  after  the  Crocker  cyc¬ 
lotron  at  the  University  of  Califor¬ 
nia,  the  new  cyclotron  will  be  ca¬ 
pable  of  accelerating  alpha  particles 
to  approximately  40-mev  energies 
and  deuterons  to  approximately 
20-mev.  The  vacuum  chamber,  the 
pumps  and  the  huge  electromagnet 
will  be  underground,  to  provide 
protection  from  radiation. 

A  large  cloud  chamber  for  cosmic- 
ray  studies  and  a  4,000,000-volt 
Van  de  Graaff  generator  are  sched¬ 
uled  for  later  construction  as  funds 
become  available. 


The  following  IRE  members  have 
been  elected  to  the  grade  of  Fellow : 

M.  W.  Baldwin,  Jr.,  Bell  Telephone  Lab¬ 
oratories,  New  York,  N.  Y. 

L.  H.  Bedford,  16  Hcathgate,  London, 
England 

H.  S.  Black,  Bell  Telephone  Laboratories, 
New  York,  N.  Y. 

R.  M.  Bowie,  Sylvania  Electric  I’roducts, 
Inc.,  Flushing,  N,  Y. 

D.  E.  Chambers,  General  Electric  Com¬ 
pany,  Scotia,  N.  Y. 

J.  B.  Coleman,  Radio  Corporation  of 
America,  Camden,  N.  J. 

A.  Elarl  Cullum,  Jr.,  Consultant  Engineer, 

Highland  Park  Village,  Dallas,  Texas 
R.  B.  Dome,  General  Electric  Company, 
Bridgeport,  Conn. 

B.  S.  Ellefson,  Sylvania  Electric  Product.s, 

Inc.,  Bayside,  N.  Y. 

J.  J.  Farrell,  General  Electric  Company, 
Schenectady,  N.  Y. 

H.  C.  Forbes,  Colonial  Radio  Corporation, 
Buffalo,  N.  Y. 

E.  W.  Herold,  RCA  Laboratories,  Prince¬ 

ton,  N.  J. 

William  Hewlett,  Hewlett-Packard  Com¬ 
pany,  Palo  Alto,  Calif. 

J.  A.  Hutcheson,  Westinghouse  EJlectric 
Corporation,  East  Pittsburgh,  Pa. 

J.  B.  Keto,  Aircraft  Radio  Laboratory, 
Dayton,  Ohio 

N.  E.  Lindenblad,  RCA  Laboratories,  Port 
Jefferson,  N.  Y. 

Knox  Mcllwain,  Hazeltine  Corporation, 
Little  Neck,  N.  Y. 

D.  W.  R.  McKinley,  National  Research 
Council,  Ottawa,  OnL,  Canada 
L.  A.  Meacbam,  Bell  Telephone  Labora¬ 
tories,  Murray  Hill,  N.  J. 


Disc  Recording  Standards 

A  COMPREHENSIVE  industry-wide 
project  for  the  purpose  of  defining 
and  proposing  disc  recording  and 
reproducing  standards  which  will 
be  acceptable  to  and  used  by  all 
manufacturers  and  processors  of 
transcriptions  and  phonograph 
records  has  just  been  launched 
jointly  by  the  Sapphire  Club  and 
the  Motion  Picture  Research  Coun- 

(Continued  os  p  224) 


L  C.  F.  Boris 


S.  W.  Ssslsy 


S.  W.  Seeley  was  named  for  the 
Morris  Liebmann  Memorial  Prize 
for  “his  development  of  ingenious 
circuits  related  to  frequency  modu¬ 
lation.”  He  is  director  of  the  RCA 
Industry  Service  Laboratories  in 
New  York  City,  and  was  elected  to 
Fellow  grade  in  1943. 

For  the  Browder  J.  Thompson 
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^  ^  TELEVISION  PICTURE  AND 

SYNCHRONIZING  GENERATOR  MONOSCOPE  SIGNAL  SOURCE  WAVE  FORM  MONITOR 


Model  PT  101 

•  IwlH-in  V  o*<lllotcepo 
with  tynchrenlsod 
swMpt  for  viewing  Tim¬ 
ing  and  Vidae  output 
pulse  wave  forms. 

•  Synchronised  Marker 
system  for  checking 
pulse  width  and  rise 
time. 

•  Extreme  stability  in¬ 
sured  by  deriving  all 
pulses  from  the  losing 
edge  of  master  escilla- 
ter  pulse. 

•  East  leek  in  CKtien  for 
motion  picture  applica- 
tien. 

•  Wide  bond  delay  line 
for  adiusting  delays 
without  distorting  pulse 
wave  forms. 

•  Dlspon  construction  to 
facilitate  servicing. 

•  Dual  output  locks. 

OUTPUT  SIGNALS; 

Composite  RMA  Video  Sig¬ 
nal,  Camera  Hanking, 

Video  Blanking,  Horixental 
I  Camera  Drive,  Vertical 
Camera  Drive,  S.O  volts 
peak  to  peak  across  100 
ohms  terminations. 

The  Model  PT-101  provides  the  entire  comple¬ 
ment  of  timing  pulses  for  the  complete  operation 
of  all  broadcast  studio  equipment  and  receivers. 

SPECIPICATIONSi  525  line,  interlaced.  60  fields.  Model  PT-102  proc 

30  frames,  RMA  Synchronizing  pulses  held  to  video  signal  for  testi 

tolerance  sp^ified  in  the  NRTPB  report  of  1945.  the  camera  to  the  r 

Power  requirements  115  volts  50/60  cps  AC  Line  able  for  transmittinf 

voltage.  by  and  warm  up  pei 

PORTABLE  PICTURE  MONITOR  —  Model  102  MPS 


Model  FT  1C2 

•  Cempesita  RMA  Video 
Signal. 

•  Wide  Band  Video  Am¬ 
plifier,  maximum  6.0 
db.  down  at  10  me. 

•  Dual  outputs  for  feed¬ 
ing  two  75  or  100  ohms 
lines. 

•  Black  Negative  or  Black 
Positive  outputs. 

•  Resolution  gromer  than 
600  lines. 

e  Wiring  accessibility  for 
ease  of  maintenance. 

•  Specifications: 

•  Output:  Composite  video 
signal,  3.0  volts  across 
100  ohms  line. 

•  Input:  Vertical  cmd  Hor¬ 
izontal  Driving,  Camera 
A  Klnoscope  Blanking, 
Synchronizing  pulses. 

•  Power:  113  volt  SO/60 
cps  AC  lino. 


Model  PT-102  produces  a  complete  composite 
video  signal  for  testing  television  equipment  from 
the  camera  to  the  receiver.  It  is  esp^ially  suit¬ 
able  for  transmitting  a  test  pattern  during  stand 
by  and  warm  up  periods  of  a  station. 


e  Resolution  treater  than  500  lines, 
o  7"  Kinescope, 
e  High  Impedance  Input, 
o  Weitht  50#.  Size  IT  x  16"  x  20". 
o  Video  AmpTifler  flat  to  5.0  me.  +  1.0  db. 
•  Klnoscope  removable  from  the  front  and 
all  parts  are  readily  acceulble. 
Spoclficatiens;  Input  signal  1.0  volts  peak 
to  peak:  Input  impedance  470.000  ohms; 
Power — 115  volts  50/60  cps  AC  line. 

The  model  102  >fPS  meets  the  need  for  a 
conipaetly  constructed,  high  tldelity  pleture 
monitor  of  practical  size  to  nuike  It  truly 
portable. 


a  station.  —115  volts  50/60  cps 

DUAL  PORTABLE  PICTURE  MONITOR 
Model  1 02  MPD 

This  unit  has  the  same  performance  and 
rnnstructional  features  as  the  single  porta¬ 
ble  monitor.  Model  102  MPD  Is  supplied  in 
two  carrying  cases  consisting  of  a  control 
unit  and  the  dual  monitor-unit.  Kach  moni¬ 
tor  may  be  used  independently  of  the  other. 


Model  M  102 

•  Roselutien  greater  thgn 
600  lines. 

6  10"  Kksescepe  A  S"  Os- 
cillescepe. 

•  Built-in  Bar  Generoter 
for  checking  herizental 

md  verticaT  linearity. 

6  Horizontal  and  Vartica! 
Puls#  Cross  phoseoble 
ovor  tha  entire  kine¬ 
scope. 

•  May  be  operated  by 
either  driven  or  compe- 
site  signals. 

•  Voltage  calibrator  for 
wave  form  monitor. 

•  NIenitor  Section  eccu- 
pies  17y,"  X  19"  panel 

and  may  be 
mounted  at  a  remote 

6  High  Impedance  video 

•  All  parts  readily  acces- 
sible  for  quick  servicing 

tasting. 

•  controls  CKcessible 

from  the  of  the 

rack. 

Model  M-102  has  the  multiple  use  of  high  fidelity 
monitoring  of  picture  signals,  and  general  super¬ 
vision  and  investigation  of  composite  video  sig¬ 
nals  at  the  studio  or  remote  point. 
SPECIFICATIONS:  Picture  Amplifier  flat  to  8.0  me 
±*1.0  db. ;  Scope  Amplifier  flat  to  3.0  me  ±  1.0 
db. ;  Input  impMance  470.000  ohms;  Video  input 
signal  1.0  volt  peak  to  peak.  Power  Requirements 
—115  volts  50/60  cps  AC  line  voltage. 


Dual  Regulatad  DC  POWER  SUPPLY 

Modal  PT  11  ID 

Consists  of  two  elec¬ 
tronically  regulated 
power  .supplies  which 
provide  DC  Voltage 
loads  from  0-400  ma  at 
voltages  from  250-300 
TOltS. 

e  Ripple  Content  lets 
than  .005*». 
e  Extremely  One  regu¬ 
lation. 

e  No  alectrolytic  ca¬ 
pacitors  UMd. 
e  Impedance  less  than 
1.5  ohms. 

Siiiiplled  "omplete  with  tubes  and  an  8'  heavy  duty  power  cable  and 
may  he  mounted  on  standard  type  relay  rack.  For  graeral  portable 
use  this  unit  1»  also  ayallaWe  in  a  metal  cabinet  with  a  black 
crackle  llnl.sh. 

Spaeifleatlont;  Power:  105-125  volts  50/60  cpt  AC  line.  Output: 
250-300  volts:  0-400  ma. 


This  unit  provides  a  varia¬ 
ble  source  of  high  DC  volt- 
.age  and  current  for  use  in 
factory  and  laboratory. 


High  Voltage  DC 
POWER  UNIT 

0-200  Volts,  1.0  Amp  —  Model  KV-2 

•  Supplied  In  deluxe  metal  cabinet  finished  in 
gray  crockla. 

•  Mounted  on  wheels  for  portability. 

•  Intoriecks,  capacitor  shorting  relay  insures 
the  safety  of  personnel. 

•  Ovorlocsd  relay  protects  oipiipmont. 

•  0-3000  volt  output  control  located  at  front 
panel. 

•  Output  voltage  and  current  metered  at  front 
panel. 

•  Separate  High  Voltage  Switch. 

Specif  leaf  ions; 

Input:  AC  Line  115  volts  SO  00  cps  single 
phase.  Output;  0-3000  DC  volts;  0-1.0  amperes. 
Size:  Haight  46",  Width  23",  Depth  I8V4", 
Weight:  303  lbs. 
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TUBES  AT  WORK 

(continued  from  p  134) 

to  be  keyed,  being  two  voltages  180 
degrees  different  in  phase,  is 
passed. 

Find  Shells  in  Lumber 
Metal  fragments  and  unexploded 
artillery  shells  will  be  located  in 
12  million  feet  of  lumber  by  an  elec¬ 
tronic  metal  detector  being  built 
for  the  U.  S.  Corps  of  Engineers  for 
use  in  timbering  and  milling  oper¬ 
ations  in  the  3,718-acre  Marne  For¬ 
est  tract.  Fort  L^wis,  Washington. 

Designed  to  detect  any  magnetic 
metallic  object  i  inch  in  diameter 
or  larger  embedded  in  a  log,  the 
detector  consists  of  an  exploring 
coil  system,  an  electronic  detecting 
circuit,  and  an  alarm  system  that 
provides  visible  and  audible  sig¬ 
nals.  The  coil  has  a  60-inch  diam¬ 
eter  opening  through  which  the 
logs  will  be  floated  and  is  con¬ 
structed  for  immersion  in  water. 

Any  magnetic  metallic  object 
more  than  S  inch  in  diameter,  em¬ 
bedded  in  the  logs  passing  through 
the  coil,  creates  a  voltage  unbalance 
due  to  changes  in  magnetic  field. 
The  electronic  circuit  measures  the 
voltage  unbalance  produced  by  the 
field  and  actuates  the  visual  and 
audible  alarms,  indicating  the  area 
containing  the  metal. 

Operating  continuously  at  a  rate 
of  10  to  40  feet  per  minute,  the  de¬ 
vice  can  scan  nearly  20,000  feet  of 
timber  per  day.  The  equipment  is 


iliU  can  improve 
the  quality  of  your 
sound  systems 


72»B  — 12"  dirtct 
radiator.  30  watts.  60 
—10,000  cycles. 


New  Western  Electric 
loudspeakers  feature 
clear,  natural  repro¬ 
duction 


Now  everyone  can  enjoy  truly  life¬ 
like  sound  reproduction,  unmatched 
tonal  brilliance — with  these  small, 
wide  range  Western  Electric  loud¬ 
speakers. 

Designed  by  Bell  Telephone  Lab¬ 
oratories,  they  meet  today’s  demand 
for  truly  high  quality  sound  repro¬ 
duction.  They’re  part  of  a  complete 
line  that  now  makes  such  reproduc¬ 
tion  available  for  every  type  of  appli¬ 
cation — from  home  radios  and  rec¬ 
ord  players  to  giant  public  address 
systems. 

For  full  details,  get  in  touch  with 
the  nearest  office  of  Graybar  Electric 
Company  (offices  in  95  principal 
cities)  or  send  the  coupon  to  Graybar. 


756A — 10"  direct 
radiator.  20wotts.65 
— 10,000  cycles. 


QUALITY  COUNTS 


Western  Electric 


I  Graybar  Electric  Company  E'S 

420  Lexington  Ave.,  New  York  17,  N.  Y. 

I  Gentlemen:  Plea»e  send  me  literature  de¬ 
scribing  the  new  line  of  Western  Electric 
I  loudspeakers. 


I  Name _ 

DISTRIBUTORS!  In  the  U.  S.  A—  I  Company. 

CniyiMir  Electric  Company  •  In  Canada  and  New 

foundlaod  —  Northwn  Electric  Company,  Ltd.  i  AadrPSS... 


Loge  will  float  through  the, 60-inch  coil  to 
that  ombedded  metol  and  iholli  will  be 
detected  by  the  electronic  equipment 


.State. 
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EXACTING 

REQUIREMENTS 

k  Jv  y 

• 

Model  3A  is  housed  in  a  portable,  rugged, 
hardwood  case,  with  a  4"  square  meter. 
Size  9%"  X  6"  X  4Vi". 

Resistances  can  be  read  as  low  as  1/1000 
of  an  ohm  and  as  high  as  2  ohms  on  a 
linear  scale  calibrated  directly  in  milliohms. 
Readings  simplified  by  evenly  divided  scale 
of  100  equal  divisions  and  two  overlapping 
ranges  0-200  and  0-2000  milliohms  full 
scale  deflection. 

Unlike  conventional  low  range  ohmmeters, 
the  lead  resistance  problem  is  eliminated. 
A  breaker  relay  protects  the  meter  from  dom- 
oge  in  case  the  measuring  circuit  is  broken 
or  a  resistance  greater  than  the  range  of  the 
instrument  is  placed  across  its  terminals. 
A  simple,  accurate  and  dependable 
instrument 


quality  short  cut  to 

MASS  MOBUtTlOH  OF  T»  RSCIIVIRS- 


COMPACT, 

CUSTOM-WIRED 


DUODECAL 

AND 

DIHEPTAL 


McSraw-im  Mlithiii;  Ct.,  Imm 

DIRECT  I4AIL  DIVISION 
V3Q  Wost  42nd  St.,  Now  York.  II,  N.  Y. 


Sbimthe  Problem  of. 
MaiTiog  List  MaintenaRce! 

ProbnMy  nn  nUmr  ergenlutlon  It  at 
woN  annipped  at  McOraw-HIH  tn 
salvo  tba  campllcatod  problam  of 
Ril  malataaaaaa  during  thit  pariod 
of  unparallolad  change  In  Induttrlal 


Mc«raw-HIII  Mailing  UsH  cover 
most  w|ar  Industrlot.  They  are  com* 
piled  from  oidutlvo  tourcot,  and  are 
bated  an  kundredi  of  Hioutandt  of 
mal  qaasMeanalret  and  tha  rapertt 
of  a  aatlea-wlda  field  ttaff.  Alt  namet 
pro  fuaraateed  accurate  within  2%. 

Whoa  planning  your  direct  mall 
advartWag  and  talat  promotion,  con* 
ildar  thlt  unique  and  aconomkal  torv> 
lea  la  relatlen  to  your  product.  Datallt 


—  Write  for  additional  informotion  — 

SIDWARD  MFG.  CO.,  INC. 

126  Liberty  Street  New  York  6,  N.  Y. 


IMMEDIATE  SHIPMENT 


CATHODE  RAY  TUBE 
SOCKET  ASSEMBLIES 


AMERICAN  PHENOLIC  CORPORATION 

1830  SOUTH  54IH  AVENUE  •  CHICAGO  50,  lUINOIS 


a  Amphenol  custom-wired  cathode  ray  tube  socket  assaabiies  are  unusuerfly 
compact.  Leads  are  grouped  within  the  housing  in  unit  cable  form  and  brougM 
through  the  side  of  the  socket  in  any  of  six  positions.  This  effects  a  furthw 
saving  of  space.  High  voltage  lead  may  be  segregated  from  moin  trunk  wirew 
Safety  socket  cap  enclosing  all  wiring  connections  is  easy  to  remove.  Recessat^ 
socket  front  shields  operator  or  serviceman  from  high  voltages  aarves  also 
as  a  guide  for  tube  insertion.  Creepage  barriers  between  contacts  provide 
long  leakage  paths  and  positive  lead  wire  separation.  For  mTBpiQCiurer's 
applications,  sockets  are  furnished  in  wired  assemblies. 

Duodecaf  Tube  Sockets:  For  most  popular  television  viewing. tubes  with  a 
maximum  of  twelve  pins  on  a  pin  circle  diameter  of  1.063  inches. 

Diheptal  Tube  Sockets:  Made  in  two  sizes,  for  small  (2.050  inch)  diameter  tube 
bases,  also  for  medium  (2.250  inch)  diameter  bases.  Both  provide  for  a  maxi¬ 
mum  of  fourteen  pins  on  a  1.750  inch  diameter  pin  circle. 

Complete  technical  data,  and  prices,  are  available. 

Write  for  them  today! 


a 


i 
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TUIES  AT  WORK  (cmMwmR) 

reasonably  stable  to  variations  in 
temperature,  vibrations,  line  volt¬ 
age,  frequency,  proximity  of  metal 
bodies,  or  motion  of  metal  bodies 
relatively  near  the  coil  assembly. 
It  is  designed  to  operate  within  am¬ 
bient  temperature  range  of  30  de¬ 
grees  F  without  manual  adjust¬ 
ment. 

The  reason  why  unexploded  shells 
and  metal  fragments  have  been 
found  in  timber  from  the  Marne 
Forest  tract  is  unknown. 

Whwi  timbering  started,  the  con¬ 
tractor  encountered  two  logs  in  his 
sawmill,  each  containing  an  em¬ 
bedded,  unexploded  37-millimeter 
projectiles,  so  all  timbering  and 
milling  operations  were  suspended 
immediately. 

Because  2,000,000  feet  of  timber 
had  been  felled  and  was  subject  to 
deterioration  from  insects  and  rot, 
the  Corps  of  Engineers  tested 
many  types  of  metal  detectors,  in¬ 
cluding  mine  detectors  developed 
during  the  war.  None  proved  satis¬ 
factory,  so  a  contract  was  made 
with  the  General  Electric  Company 
for  the  electronic  metal  detector. 


f.uu./ickle;  com 

OF  CHICOPEE,  MASS. 
LEADINO  MANUFACTURERS  OF 


lO  ELECTRICAL  APPARATUS 


ONE  OF  THE  MANY 
MANUFACTURERS  OF 
RADIO  APPARATUS  WDrj 
winding  coils  on 

COSMALITE*  forms 


The  Cleveland  Container  Company  recommends 
for  YOUR  consideration  these  spirally  laminated 
paper  base.  Phenolic  Tubes. 

Wall  thicknesses,  diameters,  punching  and  notch¬ 
ing  to  meet  your  individual  needs. 

WE  RECOMMEND  our  #96  COSMALITE  for  coil 
forms  in  all  standard  broadcast  receiving  sets; 
our  SLF  COSMALITE  for  permeability  tuners. 

Spirally  wound  kraft  and  fish  paper  Coil  Forms 
and  Condenser  Tubes. 


Radio  Control  for  Water 
Works 

McOraw-Hill  World  Netoa 

Operating  at  300  megacycles,  a 
radio  system  of  telephony,  telemeas¬ 
ure,  and  telecommand  has  been  in¬ 
stalled  at  the  municipal  water 
works  of  Yverdon,  Switzerland. 

Installation  of  the  control  equip¬ 
ment  coincided  with  development 
of  a  new  water  supply  for  the  town’s 
11,000  inhabitants.  A  pumping  sta¬ 
tion  was  built  on  the  shore  of  Lake 
Neuchatel  above  Yverdon.  Two  low- 
pressure  pumps  draw  water  from 
deep  in  the  lake  into  the  filters  of 
this  pumping  station.  The  filtered 
water  is  then  pumped  under  high 
pressure  three  miles  to  a  reservoir 
west  of  the  town. 

Problem  faced  was  to  provide 
intercommunication  among  the 
pump  station,  the  reservoir,  and 
the  water  system’s  office  in  the  mid¬ 
dle  of  town.  Solution  was  a  fourfold 
transmission  setup  consisting  of  a 
radio-telephone  circuit  among  the 
three  stations ;  telemetering  and 
telecommand  link,  showing  changes 
in  the  water  level  of  the  reservoir, 
sent  to  the  pump  station  via  the 


Inquiries  welcomed  also  on  COSMALITE  COIL 
FORMS  for  Television  Receivers. 

•  TrM«  Mark  Retlitarad 


IsdomiUlD  (0NIUHER& 


*201  BARURTON  AVE.  CLEVELAND  2,  OHIO 

•  All-Fibr*  Cons  •  Combination  Motol  and  Popor  Cons 

•  Spirally  Wound  Tubos  and  Coras  for  oil  Purposes 

•  Plastic  and  Combination  Paper  and  Plastic  Items 

a  *  a 

rnncTiii  niiis  ibi  it  nyaMik  wtc.  iieittnt  a  t.  tiiuia  in.  iiitiii  lici.  iMiiiiti  t  l 
rittllCS  IIIISIIIIS  it  riiaMli  lac.  likMitri  NT  *  IIIISIIE  IIIISIII  il  tliniMi  IM* 
SUES  irriCES  -  Itta  in  nil  Iniiaii.  NI  C.  Uii  141  liii  SU  lirtliri,  Ciia 
II  Cllll4-Iti  CItilliil  CNliiiif  Ciiiii  ItlPiiscill,  liliiii. 
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MAGHtTlC  CIRCUIT  BRtAKERS 

i-.*;  OM, 


The  illustration  here  shows  you 
plainly  the  advantages  of  this  piece 
of  equipment.  In  the  first  ploce,  it  is 
fully  electro-magnetic,  having  no 
thermal  elements.  It  acts  instantly 
to  break  the  current  on  short  circuit 
or  dangerous  overload.  No  heat  re¬ 
sults  which  might  affect  the  current 

carrying  capacity. 

• 

On  the  other  hand,  the  HEINE- 
MANN  Circuit  Breaker  will  not  trip 
on  starting  current,  or  minor  over¬ 
loads,  due  to  a  time  delay  unit  (see 
illustration)  which  allows  a  harm¬ 
less  overload  to  persist  for  a  safe  time 
limit.  Continued  overload  opens  the 
breaker  in  time  inverse  to  the  ratio 
of  the  current.  The  HEINEMANN 
Circuit  Breaker  thus  gives  maximum 
yet  flexible  protection  to  the  circuit. 


HIGH  SPEED  LATCH 


HIGH  SPEED  BLOWOUT 


Tha  ttatieaary  ceatact  it  coiM 
areuad  aa  iatalatad  iroa  cor# 
ceaaaclia9  ttaal  platat  to  (oral 
a  U-tkapod  aiafaot.  Oa  ovor- 
loadi  aad  short  cireaitt,  tho  car* 
roat  (lowia9  tkrou9k  tho  coatact 
croatot  aia9aotic  Kaos  which 
(orco  tho  arc  iato  tho  arcia9 
chaoibor  aad  blow  it  out.  At  tho 
valuo  o(tko  carroat  to  bo  iator* 
raptod  iacroatot,  tho  qaoochio9 
oKoct  bocoaiot  qroator  duo  to 
intoatifiod  aiagaotic  fiold. 


Tho  aiaqaat  coil  turrouadt  a 
konootically  toalod  liquid  (illod 
cyliador  coataiaiag  aa  iroa 
plaufor  which  wkilo  aonaally  out 
ol  tho  aiagaotic  (iold  aiovot  ia* 
to  it  oa  ovorloadt,  tho  liquid 
coatrolliag  its  tpood.  At  tho 
pluagor  ritot  to  tho  top  of  tho 
cyliador,  tho  aiagaotic  flua  ia- 
eroatot  to  its  mamimum.  Attkit 
poiat  tho  anuaturo  It  attractod 
aad  oporatot  tho  latch. 


The  armotura,  on  engaging 
tho  lowor  log  of  tho  lock  (a) 
rotates  it  to  that  the  tooth  of 
tho  catch  (b)  pattot  through 
tho  cut  portion  of  tho  lock  (cl 
and  opoat  tho  contacts.  Of 
all  known  latchos  this  ona  acts 
with  tho  least  aniount  of  friction 
and  machanical  delay.  The  latch 
collaptat  only  on  short  circuit 
or  overload  conditions  ovon  if 
tho  handio  is  purposely  hold  in 
tho  “on’’  position. 


HEINEMANN  CIRCUIT  BREAKERS 
are  made  in  a  wide  variety  of  types, 
such  as  for  Panelboards,  Auxiliary 
use.  Aircraft,  General  Purpose,  and 
Special  Purpose  Breakers  for  Radio 
and  Electronic  Applications. 

WRITE  FOR  FURTHER  INFORMA¬ 
TION  ON  ANY  OF  THESE. 


HEINEMANN  EUCTRIC  COMPANY 

I  *  97  PLUM  STREET  TRENTON.  NEW  JERSEY  J 
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TAPPING  COSTS 


Here’s  how  it’s  done.  The  slot,  correspond¬ 
ing  to  flutes  of  a  tap,  provides  two  balanced 
cutting  edges  and  a  chip  reservoir. 
In  photQ  noie  chips  cut  und  pushed  ahead. 


HOLTITE  *  4^  Ifli#  SCREWS 

1  r  #>/////A.^\  n 


U.&  P«t«nt  Na  2.292,195 


Other  patents  pendin 


Do  not  confuse  this  romorkoble  now  saow 
with  the  ordinary  self-topping  saews  that 
forcibly  displace  the  material  by  a  cold 
forging  action. 

Fundamentally  a  narrow  Ruted  two-Rute 
tap,  this  new  "TAP"  screw  actually  removes 
the  material  when  cutting  its  own  perfect  mat¬ 
ing  threads  to  effect  tighter,  stronger  fastenings 
that  resist  vibration. 

Fine  or  curled  metal  chips,  and  tough, 
gummy  non-metallic  cuttings  free  themselves 
readily  in  the  open  slot  reservoir  to  prevent 
binding.  The  two  balanced  cutting  edges  of 
slot  cut  threads  much  deeper  than  their  own 
diameter. 

*  Eliminate  tapping  operations  by  using 
HOLTITE  "TAP"  screws  in  metal,  castings, 
alloy,  rubber,  plastics,  etc.  You'll  get  stronger 
fastenings  at  less  cost! 


SCREW 


Mass.,  USA 


TUBES  AT  WORK 


(cootiiiuad) 


i 

i 

Electronic  control  panel  at  the  oiiice  o<  the 
water,  worki 


office;  and  a  telemetering  channel 
for  the  temperatures  and  levels  of 
the  pre-filtered  and  post-filtered 
water  at  the  pump  statiop  (as  well 
as  the  length  of  service  of  each  of 
the  pumps),  sent  to  the  office  and 
on  to  the  reservoir. 

Straight-line  distance  between 
the  office  and  the  pump  station  is 
2,17  miles;  between  the  office  and 
the  reservoir  it  is  1.86  miles. 

The  different  audio  frequencies 
used  in  the  equipment  provide  am¬ 
plitude  modulation  of  the  carrier. 
The  transmitting  and  receiving  in¬ 
stallations  at  each  station,  installed 
on  the  roofs  of  the  buildings,  use 
the  following  frequencies:  office  to 
pump  station,  300  me,  pump  station 
to  office,  306  me,  office  to  reservoir, 
303  me,  and  reservoir  to  office,  309 
I  me. 

i  Audio  Control  Frequencies 

The  reservoir  post  sends  a  super¬ 
visory  frequency  of  2,000  cycles  to 
the  pump  station  via  the  office.  This 
I  frequency  is  designed  to  inform  the 
personnel  whenever  there  is  inter¬ 
ruption  of  the  transmission  chan¬ 
nels.  It  acts  in  the  two  places  by 
means  of  an  impulse  amplifier,  on  a 
supervisory  relay  having  a  normally 
closed  contact. 

Measure  of  the  water  level  in  the 
reservoir  is  effected  by  a  float  with 
a  Rittmeyer  transmitter.  For  vari¬ 
ations  of  level  of  plus  or  minus  5 
centimeters,  this  transmits  d-c  im¬ 
pulses  corresponding  to  the  level-up 
or  level-down  condition.  By  means 
of  the  telecommand  equipment, 
these  impulses  interrupt  the  super¬ 
vision  frequency  with  a  certain 
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'^if/i  SeKAiUvUlf  ^9 

Volt-Ohm-Milliammeter 


At  20,000  ohms  per  volt,  this  instrument  is  far  more 
sensitive  than  any  other  instrument  even  approach¬ 
ing  its  price  and  quality.  Unequalled  for  high  sensi¬ 
tivity  testing  in  radio  and  television  servicing  and  in 
industrial  applications. 

SIMPSON  ILICTRIC  COMPANY 
•  West  Kinsie  Street,  Chicago  44,  llllNois 
tt4.,  LoHden,  Ont. 


•  Model  260  permanently  fastened  in  Roll  Top  Case. 

•  Heavily  molded  case  with  Bakelite  roll  front. 

•  Flick  of  finger  opens  or  closes  it. 

•  Leads  compartment  beneath  instrument. 

•  Protects  instrument  from  damage. 

Model  240— Siio  5'/i|"  x  7"  x  3Vh" . S3S.95 

Model  240,  in  Roll  Top  Safely  Case— Size  5%''  x  9"  x  4%"  S43.7S 

Both  complete  with  lest  leads 

v!A  Ranges 

•0  0  X  ^ 


-10  to  0  2000 

-f  52DB  (12  ohms  center) 
0-200,000 
(1200  ohms  center) 
0-20  megohms 


ELECTRONICS  — Jonuory,  1948 


II  mA  »*»•»>•> 
Inins  •  ‘O"'’*'*'  " 

ptoducmq  toinpbnent 


efficientW 
presses  .  • 


PORTABLE 


“>»"•  .i-.-.-" 

electropta'*^ 


coiep^**' 


coppc' 


\otqt  or 


if  require** 


remoin 


help  you 


cost  thot  con 


then,  fust,  ot  0 


V/e  mohe 


competitWe. 


tell  you 


service. 


literotore 


step  by  »»«P 


BEEK^AAN,  »nc 

Phiiodeipb.a 

CORPORATION 


TUBES  AT  WORK  (coatieeed) 


rhythm.  The  length  of  the  impulses 
being  very  short,  the  supervision 
relays  do  not  fall  and  no  alarm  is 
given.  After  amplification  in  the 
receiver,  these  impulses  activate  the 
telecommand*  selectors  which  re¬ 
transmit  orders  to  the  Rittmeyer 
recorder. 

The  measure  of  the  levels  of  the 
two  tanks  of  water  (filtered  and 
unfiltered)  at  the  pump  station  is 
transmitted  to  the  office  in  similar 
fashion.  The  freguency  controlling 
the  transmission  channels  is  1,500 
cycles. 

When  there  is  an  interruption  in 
the  reservoir-office  or  office-pump 
station  links,  the  supervisory  fre¬ 
quency  of  1,500  cycles  is  inter¬ 
rupted.  The  interruption,  in  addi¬ 
tion  to  sounding  the  alarm,  stops 
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Control  ponol  and  Rlttmoyor  transmlttor 
installed  in  the  pump  station 


the  Rittmeyer  transmitter  of  the 
reservoir,  so  that  no  impulse  is  lost. 
Thus  the  telemeasure  of  the  reser¬ 
voir  water  levels  is  never  falsified 
in  case  of  interruptions  to  the  chan¬ 
nel  of  transmission  and  the  im¬ 
pulses  which  could  not  be  trans¬ 
mitted  are  conserved  until  the 
reestablishment  of  the  circuit,  and 
then  transmitted. 


Temperature  Given  as  Frequency 
The  telemetering  of  the  temper¬ 
atures  of  the  two  water  tanks  is 
effected  by  a  frequency-varying  de¬ 
vice.  The  principle  consists  of  con¬ 
verting  the  value  to  be  measured 
into  an  audio-frequency  current. 
Each  position  of  the  needle  of  the 
local  thermometer-indicator  cor¬ 
responds  to  a  frequency  in  the 


^0^0.4 


The  Erie  line  of  General  Purpose  Ceramic 
Condensers  has  been  set  up  to  provide  ceramic 
dielectric  condensers  quickly  and  economical¬ 
ly  for  by-passing  and  coupling  applications. 

By  "General  Purpose"  is  meant  those  con¬ 
densers  which  are  not  directly  frequency  de¬ 
termining,  such  as  those  used  for  AVC  Filter¬ 
ing,  Resistance-Capacitance  Audio  Coupling, 
Tone  Compensation,  Volume  Control  R.F. 
By-Passing,  Audio  Plate  R.F.  By-Passing,  Oscil¬ 
lator  Grid  Coupling,  R.F.  Coupling,  Antenna 
Coupling.  In  these  applications,  power  factor 
is  not  critical  and  moderate  capacity  changes 
caused  by  temperature  variations  do  not  affect 
the  proper  functioning  of  the  circuits. 

The  GP  (General  Purpose)  line  of  Erie  Ce- 
ramicons  does  not  sacrifice  quality  in  any  way 


whatsoever.  Since  the  line  of  Erie  GP  Ceram- 
icons  is  limited  to  definite  capacity  values,  it 
is  practical  to  manufacture  large  quantities  of 
any  given  value  at  one  time,  with  consequent 
saving  in  production  costs. 

Condensers  classified  as  GPl  have  a  tem¬ 
perature  coefficient  between  +/ 1 30  and  -1600 
P/M/^C  and  are  available  up  to  510  MMF. 
Condensers  classified  as  GP2,  manufactured 
in  capacities  of  150  MMF  and  higher,  may  in¬ 
clude  all  of  the  above  dielectrics  and,  in  ad¬ 
dition,  the  Erie  Hi-K  type. 

Erie  GP  Ceramicons  are  made  in  insulated 
styles  in  popular  capacity  values  up  to  5,000 
MMF  and  in  non-insulated  styles  up  to  10,000 
MMF.  Write  for  full  details. 


*C«ramicon  i*  th*  laqiataiad  trad*  aam* 
oi  ail**r*d  catamic  coadcBtari  mad* 
by  Iri*  Raaiator  Corpora tioo. 


ERIE  RESISTOR  CORP.,  I 
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AND  THE  SECRET  IS  SCINFLEX! 

Bendix-Scintilla*  Electrical  Connectors  are  precision-bmlt  to 
render  peak  efficiency  day*in  and  day-out  even  under  difficult 
operating  conditions.  The  use  of  Scinflex  — a  new  Bendix- 
Scintilla  dielectric  material  of  outstanding  stability — makes 
them  vibration-proof,  moisture-proof,  pressure-tight,  and 
increases  flashover  and  creepage  distances.  Under  extremes  of 
temperature,  from-67‘’  F.  to  -|-300°  F.,  performance  is  remark¬ 
able.  Dielectric  strength  is  never  less  than  300  volts  per  mil. 
The  contacts,  made  of  the  finest  materials,  carry  maximum 
currents  with  the  lowest  voltage  drop  known  to  the  industry. 
The  simplicity  and  soundness  of  design  is  demonstrated  by 
the  fact  that  Bendix-Scintilla  Connectors  have  fewer  parts  than 
any  other  connector  on  the  market — an  exclusive  feature  that 
means  lower  maintenance  cost  and  better  performance. 

*ReO.  U.*.  PAT.  OFF. 

Write  our  Sales  Department  for  detailed  information. 

•  Meittwra-preof,  Prassura-tighl  •  Radio  Quiol  •  Singlo-piac*  Insarts 

•  Vibratien-preef  •  Light  Waight  •  High  Arc  Rasittanc*  • 
Easy  AsMmbly  and  Ditassambiy  •  Lots  ports  than  any  othar  Connector 


Available  in  all  Standard  A.N,  Contact  Cjotifi^u  rutkiHs 


TUBES  AT  WORK  (continued) 

range  from  2,300  to  2,800  cycles. 
The  office  receiver  amplifies  the 
variable  audio-frequency  current 
and  converts  it  into  a  direct  current 
proportional  to  the  frequency  which 
operates  a  meter  having  a  two-color 
scale  installed  in  the  director’s 
office. 

A  time  control  unit  changes  the 
color  registered  every  30  seconds 
'  and  at  the  same  time  it  connects  an 
I  oscillator  of  3,060  cycles  to  modu- 
^  late  the  transmitter  feeding  the 
pump  station.  There  an  impulse 
amplifier  geared  to  this  frequency 
periodically  checks  a  pilot-vari¬ 
ometer  corresponding  to  the  tele¬ 
metering  transmitter. 

Atidio  Conversion 

I 

I  For  radio-telephone  communica- 
I  tion  between  the  three  stations  a 
j  frequency  band  of  200  to  2,700 
cycles  is  used.  Since  these  frequen- 
!  cies  are  already  utilized  for  super- 
!  vision,  telecommand,  and  telemeter¬ 
ing,  the  spoken  audio  band  is  con¬ 
verted  by  a  6,000-cycle  oscillator 
and  a  ring  modulator  into  the  fre¬ 
quency  band  from  6,200  to  8,700 
1  cycles  so  that  there  is  no  overlap¬ 
ping  of  frequencies. 

The  telephone  ringing  signal  also 
uses  one  or  another  of  the  super¬ 
vision  frequencies.  Depending  on 
which  post  is  calling,  it  is  either  the 
2,000-cycle  or  the  1,600-cycle  fre¬ 
quency  that  is  interrupted  by  pres¬ 
sing  the  call  button  and  which  sets 
off  an  alarm  of  short  duration  serv¬ 
ing  as  a  telephone  ring. 

Produced  and  set  up  by  Brown 
Boveri  and  Co.,  of  Baden,  Switzer¬ 
land,  this  system  has  been  in  opera¬ 
tion  for  two  years  and  is  reported 
to  give  perfect  service. 

!  Cost  of  the  complete  installation 
i  was  $16,500.  Similar  equipment  us- 
I  ing  cables  for  transmission  would 
have  cost  $21,200  and  the  five  miles 
of  cable  alone  which  would  have 
been  needed  would  have  cost  $19,- 
000. 

Relay  Control  Circuits 
for  Stepping  Switches 
By  C.  J.  Dorr  and  H.  M.  West 

C.  P.  Clare  and  Company 
Chicago,  Illinois 

Basically,  the  direct-drive  step¬ 
ping  switch  consists  of  two  relays, 
but  it  is  capable  of  doing  the  work 
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Cn^in* 

Pickup 


Addr^s 


How  radar  increases 
safety  and  accuracy 
- in  navigation - 

A  thorough  discussion  of  radar 
aids  to  navigation  .  .  .  airborne 
— seaborne— and  land-based. 

Just  Publi^edl 


Edited  by  JOHN  S.  HALL 
389  pages,  203  illustrations,  $5.00 
MJ.T.  Radiation  Laboratory  Series 

This  timely  and  informative  volume  pro¬ 
vides  a  down-to-earth  treatment  of  today’s 
outstanding  “seeing-eye” — shows  what  it 
is  .  .  .  how  it  works  .  .  .  how  it  helps 
solve  any  problem  of  navigation  quickly 
and  accurately.  In  clear,  concise  language 
the  book  explains  the  advantages  and  dis¬ 
advantages,  the  limitations  and  possibilities 
of  airborne,  ship~borne  and  ground-based 
radar  equipment  now  in  use.  Step  by  step  it 
describes  various  models  and  phenomena — 
shows  how  the  equipment  is  operated,  and 
how  it  is  used  to  solve  any  specific  naviga¬ 
tional  problems.  For  all  those  whose  inter¬ 
est  lies  in  the  fields  of  aviation  or  elec¬ 
tronics,  this  volume  serves  as  a  compre¬ 
hensive  progress  report  and  a  valuable  aid 
to  future  research. 

9  Fully  illnatrated  with  clear  photographs 
and  dialrams. 

9  Provides  numerous  graphs,  tables  and 
figures  for  the  technical  reader. 

9  Covers  ail  important  non-radar  naviga¬ 
tional  aids  in  use  today. 

Some  of  the  points  discussed — 


Cathode-ray  tubes 
Radar  beacons 
Directioti  finders 
Automatic  piloting 
Radar  nuppinc 
Anti-collision  devices 
Radio  altimeters 
Automatic  tracking 


Height-finding 
Radar  relay 
Video  mapping 
Marine  aids 
Traffic  control 
Radio  ranges — U.S.  and 
German 

Gee,  Loran  and  Decca 


10  DAYS'  FREE  EXAMINATION 


Over  20  years  of  fabricating  experience 


•  PLASTIC  FABRICATING  • 

BAKELITE  AND  FIBRE  FABRICATED  PARTS 
PUNCHING,  DRIUING.  MILLING  AND  ENGRAVING 

•  BAKELITE  SHEETS,  RODS,  TUBES  • 

Mail  Us  Tour  Prints  or  Samples  lor  Quotations 

ELECTRICAL  INSULATION  CO.,  INC. 


12  VESTRY  ST. 


NEW  YORK  13,  N.  Y. 


propagation  I 


Seeing  now  made 
possible  by  remark¬ 
able  new  electronic 
features,  embodied  in 


PRESSUREGRAPH  with  Synao-Marker 


MeGRAW.HILL  BOOK  CO..  Ine..  ; 

330  W.  42nd  Btraat.  NYC  IS  ■ 

Send  me  1C.LT.  Radiation  Lab..  No.  S:  HaU  ! 
RADAR  AIDS  TO  NAVIGATION’  for  10  days'  a 
examination  on  approrai.  In  10  days  I  wUl  remit  a 
tS.OO,  plus  a  raw  eents  pottage,  or  return  book  S 
postpaid.  (Postage  paid  on  cash  orders.)  g 

• 

Name  .  X 


City  and  State .  • 

Company  .  X 

Position  . L-1-48  ■ 

f for  Canadian  price,  write  Mearaw-Hill  Co.  of  | 
Canada  Ltd.,  It  Rirkmond  Street  B.,  Toronto  t)  I 


Reproducaa  on  oacillograph  screen,  accu¬ 
rate  picture  oi  preasurea  during  and  otter 
explosion,  rolatos  pressuro  venations  to 
timo,  top  dead  center,  angular  velocitr, 
etc.  Also  accuroto  tracing  of  rat#  of  flame 
propogation  with  relation  to  top  dead  cen¬ 
ter  and  peak  pressure.  See  pressure-time 
choracteristics  of  automotiTO,  Jet  ond  Die- 
aol  onginos.  also  comprossors,  pumps,  olc. 
Oporates  ovot  rang#  from  static  up  to 
10,000  CTcIos  ert  proaeurea  from  0  to  10,000 
Iba. 


Angulw  Syo«  rrouwagfoph  Syncre- Marker  OKiHegroph 

Send  for  description  and  full  engineering  data. 

ELECTRO  PRODUCTS  LABORATORIES 


549  W.  Randolph  Sf.,  Chicago  6,  III. 


Phone  ST  ate  7444 
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RlcSIullcro'' 
'  AKRA-Om 


prec^ion  resistors 


rDtignmd  to  moot 
Joint  Army^Mavy 
SpoMcefHott  K-93 


14  standard  Shallcross  Akra>Ohm 
Precision  Resistors  and  50  available 
adaptations  combining  special  ter* 
minals,  mountings  and  power  ratings 
match  almost  any  specification. 

Normal  accuracy  is  db1%.  Toler* 
ances  as  close  os  0.05%  where  re* 
quired.  Temperature  coefficient  to 
meet  any  requirement.  All  types  can 
be  wound  with  either  mangonin,  cop* 
per-nickel,  or  nickel-chrome  or  other 
wire  alloys  as  desired.  All  designs  are 
highly  moisture  repellent  and  unaffect* 
ed  by  humidity.  Normal  resistance 
ranges  from  fraction  of  an  ohm  to 
20  megohms. 


MECISIOII  SWITCHES 

350  d«i!fni  for  InitrumanH  and  hlsh-froda 
•lactricol  apporalwt 

HIM  Y0LTA6E  TEST  EQUIPHEMT 

1.5  to  300  KV 

MIDGES 

Whooltlono,  Kalvin-Whoottlono, 
NrconI  Limit  -and  Fault  Location  Typos 

DECADE  BOXES 

1  to  7  dial  typoi. 

0.1  to  11,  111,  110  ohms 

VOITADE  DIVIDOS 
(DECADE  POTEMTIONETERS) 

Voltoto  rotios  0.0001  to  1.0 

LOW  lESISTANCE  TEST  SEH 

From  300  micro-ohmt  to  100  ohms 

AHEHIUTOIS  4  COMTIOIS  FM 
COMNVWUTIOH  EQIIPMEMT 


Write  for  free  copy  of  Shallerott 
Precision  Resistor  Guide 

SHAUCROSS  JMANUFACTURING  CO, 
Oept.  E-1 8,  Cellingdale,  Po. 


(M 


of  many  relays.  As  shown  in  Fiflr*  1, 
from  one  to  three  wiping  arms  are 
affixed  to  a  shaft  that  is  rotated  by 
a  pawl-and-ratchet  mechanism.  The 
stepping  magnet  RM  at  each  im¬ 
pulse  of  current  causes  the  pawl  to 
engage  the  ratchet,  moving  the 
wipers  one  step  forward  over  a  bank 
of  ten  contacts.  A  detent  holds  the 
wipers  in  place  when  this  magnet 
is  deenergized.  It  is  important  to 
note  that  at  the  moment  the  step¬ 
ping  magnet '  is  energized  switch 
operation  is  accomplished.  The 
stepping  magnet  may  be  held  oper¬ 
ated  for  any  desired  length  of  time 
if  provisions  are  made  so  that  the 
coils  will  not  overheat  under  con¬ 
tinuous  energization.  The  reset 
magnet  RLS  allows  the  wipers  to 
return  to  normal  under  power  from 
a  coil  spring.  This  normal  position 
may  be  either  off  the  bank  or  on 
the  first  bank  contact^  as  the  de¬ 
signer  chooses.  The  release  circuit 
is  usually  run  through  a  pair  of 
off-normal  contacts  0-N  actuated 
by  a  lever  arm  when  the  wipers 
reach  home,  thus  opening  the  re¬ 
lease  circuit.  Additional  contacts 
of, this  sort  may  be  added  to  con¬ 
trol  other  master  control  circuits. 

The  switch  is  not  recommended 
for  handling  excessive  voltages  and 
currents,  and  the  wipers  should  not 
carry  the  make-and-break  currents 
if  at  all  avoidable.  The  contacts  will 
safely  carry  3  amperes  when  at 
rest.  A  slow-release  relay  wired  in 
parallel  with  the  stepping  coil  can 
be  arranged  to  open  the  wiper  cir¬ 
cuits  during  stepping,  thus  pro¬ 
tecting  the  precious  metal  contacts 
of  the  wipers.  If  it  is  not  feasible  to 


FIG.  1 — Tun-position  stopping  swUdi. 
Lower  solenoid  (rotory  magnet  BM) 
operates  stepping  pawl;  upper  winifinq 
(releose  RLS)  disengages  ratchet  detent, 
resetting  switch  to  normal  oe  shown.  At 
this  position,  switch  ot  right  is  open  ond 
hence  is  called  off-normal  (0-ff)  swficli 
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Exacting 

cements 

.  for 

ELEQRONIC  TUBES 
and  COMPONENTS 


Precision  Ceramic  parts  for  highly  sensitive 
C^thcxle  Ray  and  other  tubes — and  for  electronic 
cx)mponents,  recpiire  extremely  close  tolerances, 
highest  quetlity  materials  and  correct  engineer¬ 
ing.  Such  parts  are  constantly  produced  by 
STUPAKOFF. 

The  dimensioned  accuracry  and  sturdy  struc¬ 
ture  of  STUPAKOFF  Ceramics  speed  fabrication 
processes,  improve  your  products,  make  faster 
assembly  possible  and  assure  greater  satisfac¬ 
tion.  Standardize  on  STUPAKOFF  for  all  your 
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BE, 


PA 


AND  MANUFACTURING  COMPANY  .  .  . 


CabI*  Address  I  STUPAKOFF.  LATKOII 


STUPAKOFF 
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TUBES  AT  WORK  (cmHuumI) 

use  this  auxiliary  relay,  the  current 
to  be  interrupted  should  be  limited 
to  the  equivalent  of  0.1  ampere  at 
115  volts.  In  general,  the  voltage 
to  be  controlled  should  not  be  in 
excess  of  116  T'olts  although  the 
wipers  and*  contacts  are  tested  at 
1,000  volts  a-c  rms  to  the  frame. 

While  it  may  be  possible  to  build 
a  switch  for  a-c  operation,  the 
power  required  at  high  speeds  and 
widely  varying  conditions  of  appli¬ 
cation  generally  dictate  d-c  opera¬ 
tion.  Nominal  joperating  voltages 
are  6,  12,  24,  and  48.  Both  stepping 
and  release  magnets  are  usually 
equipped  with  non-inductive  shunt 
windings  for  spark  suppression. 

Applieatioiu 

The  availability  of  three  sets  of 
wipers  contacting  three  sets  of 
banks  of  ten  points  each,  plus  the 
auxiliary  (oif-normal)  contacts, 
permits  this  relay  to  perform  func¬ 
tions  that  would  otherwise  require 
many  relays.  Among  these  opera¬ 
tions  are:  selection  of  one  circuit 
path  out  of  ten;  consecutive  per¬ 
formance  of  operations  in  separated 
circuits;  and  the  production  of 
pulses  at  accurately  spaced  inter¬ 
vals. 

The  stepping  switch  could  be  used 
in  a  batch  weighing  device.  The  se¬ 
quence  could  be  started  by  a  mo¬ 
mentary  closure  of  the  start  key. 
This  operation  would  step  the 
switch  to  position  1  which  could 
operate  a  relay  to  open  the  hopper 
on  bin.  No.  1.  When  the  proper 
weight  has  been  reached,  a  limit 
switch  on  the  scales  can  close  the 
circuit  to  RM  and  advance  the 
switch  to  position  2.  Thus,  relay 
and  hopper  No.  1  would  return  to 
normal  while  relay  and  hopper  No.  2 
would  be  energized.  When  the  cycle 
of  separate  weighings  is  completed, 
the  last  limit  switch  closes  the  re¬ 
lease  circuit  restoring  the  switch 
to  normal  for  the  next  complete 
cycle. 

Accurately  spaced  intervals  can 
be  developed.  The  start  or  operate 
key  may  be  replaced  by  a  cam  con¬ 
tact  on  a  small  ssmchronous  motor 
timer.  Thus,  if  pulses  are  received 
at  one-second  intervals,  the  bank 
contacts  will  be  successively  closed 
at  one-second  intervals.  A  relay  con¬ 
nected  to  terminal  6  will  then  be 
closed  five  seconds  after  the  cycle  is 
initiated.  A  locking  key  in  series 


Perhaps  Your 
reputation  hangs  by 


The  finest  appliance  ever  made  is  helpless  if  a  weak-kneed  cord  and 
plug  fail  to  stand  up  under  aging  and  hard  usage.  The  fact  that  PWC 
cord  sets  won’t  let  a  good  product  down  explains  why  you’ll  find 
PWC  on  the  plugs  of  so  many  of  America’s  best  and  most  famous 
makes  of  radios  and  electrical  appliances. 

PWC  cords  retain  their  handsome  colors,  high  gloss,  and  flexibility. 
They  resist  grease^  chemicals,  and  age  which  cause  so  many  cords  to 
fray,  rot  and  crack.  That’s  becapse  they  are  not  only  plastic  insulated, 
but  developed  and  madjc  by  the  men  who  know  plastic  best  the 
world’s  largest  exclusive  maker  of  plastic  insulated  wire  and  cable. 


Take  a  tip 
from  a  PWC 
Cord  Set  .  .  . 


Tailor-made,  for  every  applica¬ 
tion,  special  electrical,  chemical 
and  physical  characteristics  are 
engineered  into  all  PWC  pro¬ 
ducts ...  flexible  cords,  multiple 
conductors,  telephone  wires, 
radio  wires,  power  cable,  building 
wire,  apparatus  and  machine  tom 
wire,  coaxial  cable,  shielded 
cables,  special  purpose  wire 
and  cable. 

Send  us  your  requirements  and 
let  us  show  you  the  gains  from 
using  PWC-engineered  product*. 
Our  production  facilities  are 
geared  to  meet  your  needs. 


MICROPHONE  CORDS 


ULTRA. HIGH-FREQUENCY  CARLES 


RADIO  HOOK-UP  WIRE 


PAIRED  COMMUNICATION  CARLES 


HEAVY  DUTY  FLEXIRLE  CORDS 


CORD  SETS 


PLASTIC  WIRE  &  CABLE  CORP. 
408  East  Main  Street 
Jewett  City,  Connecticut 
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for  DISTORTION  and  BRIDGE  MEASUREMENTS 
at  2  to  15,000  Cycles 


•  This  highly  stable  oscillator  with  unusually  low  distortion  is 
of  the  resistance-tuned  type  and  operates  on  the  inverse  feedback 
principle  developed  by  General  Radio. 

The  Type  1301- A  Low-Distortion,Oscillator  is  especially  suit¬ 
able  as  an  a-f  power  source  for  bridge  use,  for  general  distor¬ 
tion  measurements,  to  obtain  frequency  characteristics  and  to 
make  rapid  measurements  of  distortion  in  broadcast  transmitter 
systems. 

FEATURES 


9  The  normal  range  of  this  oscilla¬ 
tor  is  20  to  13,000  cycles.  The 
Range  Extension  Unit  (above) 
lowers  this  range  by  a  full  dec¬ 
ade  to  2  to  15  cycles,  greatly  ex¬ 
tending  its  usefulness  to  frequen¬ 
cies  considerably  below  that 
heretofore  practicable. 

With  its  very  high  stability, 
urmsually  low  distortion  ai^ 
many  operating  conveniences, 
the  Type  1301-A  Oscillator  fills 
a  universal  need  in  distortion 
and  bridge  measurements. 

Type  1301-PI  Range  Exten¬ 
sion  Unit . S70 


•  WIDE  FREQUENCY  RANGE— 20  to  15,000  cycles  (with  Range  Ex¬ 
tension  Unit,  2  to  15,000  cycles). 

•  CONVENIENT  TO  USE — 27  fixed-frequencies,  selected  by  two  push¬ 
button  switches,  in  logarithmic  steps — any  desired  frequency  between 
steps  obtained  by  plugging  in  external  resistors. 

•  THREE  OUTPUT  IMPEDANCES— 600-ohm  balanced  to  ground;  600- 
ohm  unbalanced;  5,000-ohm  unbalanced. 

•  EXCEPTIONALLY  PURE  WAVEFORM— Distortion  not  more  than  fol¬ 

lowing  percentages:  with  5,000-ohm  output  0.1%  from  40  to  7,500 
cycles;  0.15%  at  other  frequencies.  With  600-ohm  output  0.1%  from 
40  to  7,500  cycles;  0.25%  from  20  to  40  cycles  and  0.15%  above  7,500 
cycles.  > 

•  HIGH  STABILITY — Frequency  is  not  affected  by  changes  in  load  or 
plate  supply  voltage.  Drift  less  than  0.02%  per  hour  after  few  minutes 
operation. 

•  ACCURATE  FREQUENCY  CALIBRATION— Adjusted  to  within  H% 
±0.1  cycle. 

•  NO  TEMPERATURE  OR  HUMIDITY  EFFECTS— In  ordinary  clima¬ 
tic  changes,  operation  is  unaffected. 


Type  1301-A  Low  Distortion  Oscillator ...  5395.00 

ORDER  NOW— A  few  in  stock 


GENERAL  RADIO  COMPANY 


90  West  St.,  New  York  6 


920  S.  Michigan  Ave.,  Chicago  5 


D  A  M  Y  Cambridge  39* 
F  w\  ll  I  Massachusetts 

950  N.  Highland  Ave.,  Los  Angeles  38 
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Rolling  Spring 


TUBES  AT  WOltK  (coutktMd) 

with  RM  and  the  motor  cam  can  be 
used  to  start  the  operation,  but  un¬ 
less  some  means  has  been  provided 
to  synchronize  this  key  with  the 
motor,  then  the  first  step  will  occur 
at  some  indeterminate  time  and 
the  end  operation  will  have  to  be 
started  from  step  one  and  stopped 
at  the  later  desired  point. 

Data  on  Telephone  Type  Relays 

In  forming  stepping-switch  cir¬ 
cuits  for  particular  applications,  it 
is  sometimes  necessary  to  use  fast 
operate,  slow  operate,  and  slow  re¬ 
lease  relays  in  conjunction  with  the 
stepping  switch.  Fast  telephone- 
type  relays  have  operate  speeds 
from  0.001  to  0.025  second  and  re¬ 
lease  speeds  from  0.005  to  0.050  sec¬ 
ond.  Here,  the  operate  time  is  the 
interval  required  for  the  magnetic 
fiux  to  build  up  sufficiently  to  move 
the  relay  armature  in  addition  to 
the  time  required  fori  the  relay 
armature  to  actuate  the  contacts. 
Maximum  speed  is  obtained  when 
the  coil  inductance  is  at  a  minimum, 
permitting  the  magnetic  fiux  to  rise 
at  a  maximum  rate.  In  cases  where 
coil  current  must  be  kept  low,  but 
maximum  speed  is  desired,,  a  wind¬ 
ing  is  provided  which  will  develop 
approximately  twice  the  required 
ampere  turns  to  operate  the  relay. 

Slow-operate  relays  have  a  low- 
resistance  copper  ring  or  slug  en¬ 
circling  the  coil  core  on  the  arma¬ 
ture  end  of  the  relay  coil.  When 
the  coil  is  energized  the  fiux  being 
built  up  in  the  magnetic  circuit 
links  the  low  resistance  copper  ring. 
This  change  in  flux  through  the 
copper  slug  results  in  an  electro¬ 
motive  force  and  associated  current 
in  the  slug  which  builds  up  an  op¬ 
posing  flux.  Th^  opposing  flux  in¬ 
troduces  a  delay  in  operate  time.  By 
increasing  the  coil  core  gaps,  spring 
tension,  and  inductance  of  the  relay 
coil,  contact  closures  may  be  varied 
from  0.010  second  to  0.100  second. 

The  slow-release  relays  are  also 
controlled  by  a  copper  slug,  but  the 
slug  is  placed  at  the  heel  end  of  the 
coil,  or  opposite  end  from  the  arma¬ 
ture.  In  this  case,  spring  tensions 
and  core  gaps  are  set  at  a  minimum. 
When  the  coil  circuit  is  closed,  flux 
which  does  not  link  the  copper  slug 
operates  the  armature,  giving  fast 
operation.  However,  when  the  coil 
circuit  is  opened  the  electromotive 
force  and  associated  current  in  the 


FAST 
POSITIVE 
TRIGGER  ACTION 


Aero  Snap-Action  limit  switches  con  be  furnished  in  gongs  of 
any  number  to  suit  your  needs.  These  snap-action  switches 
are  precision  engineered  in  gangs  of  various  shapes  to  fit 
most  any  application.  See  typical  illustration  above  for 
two  specially  engineered  designs. 

All  ACRO  switches  provide  fast,  positive  trigger  action 
due  to  the  famous,  patented  Rolling  Spring  principle — 
assuring  longer  life,  less  space  and  greater  economy, 
as  well. 

These  switches  are  designed  for  flush  mounting  and  for 
cam  or  plunger  operation  with  a  wide  range  of  operating 
characteristics  to  suit  your  requirements. 

Normally  open,  normally  closed  or  double  throw 
actions  available.  Ratings  up  to  15  amps,  1 25  volts  A.C. 
Write  for  details  and  give  us  any  problem  you  may  have. 


THE  ACRO  ELECTRIC  COMPANY 


CLEVELAND  14,  OHIO 


1316  SUPERIOR  AVENUE 
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;y  sUndard  w/tb 


herrtiefic^fy  aga^hst  varU'rions  of/baro' 

'sure./This  st^dard,  n  cotrihlned  wich  basic 
fatil"* fart's- ^ccurat^  ?»p€ed  ajjd  tune  cof^rrcl  by 
ele-.  tiical,  acot^cal  or  o£nicaI  mcan<^^  . 


The  r.fut'^is  available  separately  or  in  ccu^uncdon 
complete  timings  instrument<.  Our  ciigirurrs  are 

cooperate^^any  problc^U*.  / 


4IRCRAFT 
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TUBES  AT  WORK 


(continiMd) 


TO  STUDIO  LINES 


TO  I - 

MONITOR 
SPEAKERS  OR 
AMPLIFIERS 


RESTORE 


FIG.  2 — Stopping-switch  circuit  ior  sslsc- 
tiTsly  monitoring  a  numbor  of  studio 
channsls 


slug  tends  to  keep  the  flux  in  the 
core  and  delays  the  release  of  the 
relay.  Release  times  up  to  0.400 
second  may  be  obtained. 

Stepping  Switch  Applications 

In  the  radio  industry,  a  common 
selection  application  is  to  the  moni¬ 
toring  of  studio  channels,  as  illus¬ 
trated  in  Fig.  2.  Closures  of  the  dial 
contacts  operate  relay  A.  This  re¬ 
lay,  in  turn,  operates  rotary  magnet 
RM  to  step  the  wipers,  and  relay  C 
to  open  the  wiper  circuit  during 
rotation.  Relay  C,  being  slow  to  re¬ 
lease,  remains  operated  until  the 
end  of  the  series  of  dial  impulses. 
Relay  B  is  sufficiently  slow  to  oper¬ 
ate  to  remain  normal  during  the 
transmission  of  the  short  dial  im¬ 
pulses.  However,  the  longer  manual 
closure  of  the  restore  key  operates 
relay  B  to  actuate  release  magnet 
RLS  and  release  the  switch.  Break 
contacts  on  B  again  open  the  wiper 
circuit  during  rotation  to  guard 
against  the  previously  mentioned 
breaking  of  currents  by  the  wipers 
as  well  as  to  avoid  the  momentary 
energizing  of  the  nonselected  cir¬ 
cuits.  Make-before-break  contacts 
could  be  used  to  ground  the  ampli¬ 
fier  during  this  rotation  if  the  sig¬ 
nal  level  is  low  and  stray  pickup  or 
charging  currents  would  prove  ob- 


Precision-made  gears  . . .  small  and  medium  sizes ...  in  standard 
and  special  tooth  forms,  from  any  kind  of  material,  made  to 
your  exact  specifications.  Tolerances  within  .0005". 

Beaver  gears  are  used  in  well-known  makes  of  modern  products 
such  as  automobiles,  radios,  automatic  tuning  devices,  phono¬ 
graphs,  clocks,  timing  mechanisms,  motion  picture  projectors, 
chronometers,  gauges,  optical  equipment,  instruments,  machine 
tools,  and  many  others. 

Beaver  engineers  will  design  or  redesign  gears  to  meet  perform¬ 
ance  and  cost  requirements.  Send  us  your  blueprints  for  estimate. 


SPURS  •  HILICALS  •  STRAIGHT  BBVILS  •  SPROCKHS 

RACKS  •  WORMS  •  WORM  OIARS 

THRIAD  GRINDING  •  COMPLITi  GEAR  TRAINS 


Wrifm  Today  for  this 
FREE  BULLETIN 

Describes  Beaver  Gear’s  facil¬ 
ities  and  methods;  also  includes 
table  of  gear  tooth  parts. 
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PRICES  are  DOWN  b 


ENGINiERING  is  UP 


^  hen  you  buy  a  permanent  magnet,  you  are  buying  energy 

to  do  some  specific  job.  You  want  either  (1)  the  largest  possible  ’  ^ 

output  of  energy  per  dollar  of  cost,  or  (2)  a  required  number  of 

energy  units  at  the  lowest  cost,  or  (3)  a  fixed  amount  of  energy  in  the 

smallest  space.  Alnico  magnets,  by  Indiana  Steel,  supply 

each  of  these  requirements. 

hen  you  buy  Indiana  Steel  Alnico.  you  are  buying  progress. 

3  hrough  steadily  increasing  efficiency,  permanent  magnets  are  today 
{jerforming  operations  not  economically  practical  a  few  years  ago.  They 
are  actually  replacing  many  mechanical  or  electrical  devices 
with  less  weight,  in  smaller  space,  at  lower  cost  in  spite  of 
general  increases  in  manufacturing  cost. 

For  example — certain  Radar  magnets  originally  weighed  I  t  lbs.  Through 
redesign,  their  size  was  reduced  materially  and  their  weight 
cut  to  3J4  lbs.  Both  were  of  identical  material;  both  produced  the 
same  energy.  Their  radical  reduction  in  weight  and  cost  was 
accomplished  wholly  by  a  change  in  design.  Consultation  with  our 
engineers  may  result  in  comparable  savings  for  you. 


Each  of  the  four  magnets 
shown  here  is  different 
in  size, 
weight, 

material,  and  price; 
yet  each  will  produce 
exactly  the  same  amount 
of  energy. 


In  certain  applications  where  space  is  not  iin)>ortant  and 
efliciency  is  not  critical,  many  magnet  users  have  found  it 
undesirable  to  redesign  for  the  newer  materials.  For 
these,  we  still  produce  magnets  of  chrome,  cobalt,  and 
tungsten  steel.  For  special  applications  we  produce 
liidalloy,  Cunife,  Cunico,  Vectolite,  and  Silmanal. 


PRODUCTS  COMPANY 

SPECIAUSTS  IN  PERMANENT  MAGNETS  SINCE  1910 

PLANTS:  VALPARAISO,  INDIANA;  CHAUNCEY,  WESTCHESTER  COUNTY,  N.Y. 


PRODUCERS  OF  "PACKAGED  B4ERGY” 

6  NORTH  MICHIGAN  AVENUE  •  CHICAGO  2.  ILL. 

®  1947  The  Indiana  Steel  Products  Co. 
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TUIES  AT  WORK  (coiitiiMMf> 

jectionable.  By  connecting  power 
to  these  contacts  one  can  arrange 
for  the  turning  on  or  off  of  receiv¬ 
ers  or  transmitters,  or  the  selection 
of  transmitter  frequencies. 

Another  selection  method,  shown 

• 

in  Fig.  3,  is  commonly  called  closed- 
circuit  dialing  as  contrasted  with 
open-circuit  dialing  in  Fig.  2.  Clo¬ 
sure  of  the  initiating  switch  closes 
the  line  circuit  and  operates  relays 
A  and  B.  Dial  impulses  in  this  sys¬ 
tem  appear  as  interruptions  of  the 
circuit,  and  relay  A  follows  or  re¬ 
peats  these  interruptions.  Relay  B. 
being  slow  to  release,  remains  oper¬ 
ated  during  this  cycle.  The  rotarj’ 
magnet  RM  is  energized  from  the 
back  contact  of  A  through  the  make 
contact  of  B.  Relay  C  functions  in 
parallel  with  RM  to  open  the  wiper 
circuit  during  rotation.  Opening  of 
the  start  key  allows  relays  A  and  B 
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GET  YOUR  COPY  PROM  YOUR 
REPRESENTATIVE  OR  DISTRIBUTOR  •  •  • 


Herb  Recker 

1406  S.  Grand  Am. 
Los  Anettes  IS.  Cal. 


Gerard  McL.  Cele 

920  N .  Michiian  Am. 
Chicaio  11.  Illinoit 


Deve  M.  Lee 

2626  Sacond  Am 
Seattia  1,  Wasli 


M.  R.  Petteraen 

1124  Irwin- Kaaslai  Bldg. 
Commatca  t  Ervay  SL 
Dallas.  Teias 


Clyde  H.  Schryver 
108  Waltowar  Bldg. 
Kansas  City  6.  Mo. 


Renold  O.  Rewen 

18(6  S.  Numboldl  St. 
Oonvor  10,  Colo. 


Weller  T.  HennlMti 
43  Laon  St.,  Unitad  Bldg. 
Boston  1$.  Mass. 


Wm.  i.  McFedden 

8S  E.  Gay  St. 
Columbus.  Ohio 


C.  M.  Rebinaen 

207  Scolt  Block 
Winnipag,  Man.,  Can. 


Fred  Slevena 
15126  E.  Warran  Ava. 
Dotroit  24,  Midi. 


Henry  W.  Rerwell 
105  Forroat  Am.  Bldg. 
Atlanta  3.  Ca. 


Fred  R.  Hill 
256  First  Am.  N. 
Minnaapolis,  Minn. 


R.  W.  MHacber 
Ellicon  Squara  Bldg. 
Buffalo  3,  N.  Y. 


F.  Edwin  Schmitt 
136  Libarty  SL 
Now  York  6.  N.  Y. 


George  O.  Tenner 

600  Grant  SL 
Pittsburgh  19,  Pg. 


H.  R.  Grey,  Astraltloctric  Co.,  56-58  Wallington  SL  E..  Toronto  1,  Ont.,  Can, 


I  FIG.  3 — Closed-circuit  dialing  systeni 
operates  on  interruptions  of  current  in 
relay  A 

to  restore  and  close  a  circuit 
through  back  contacts  to  the  release 
magnet  RLS.  The  off-normal  con¬ 
tacts  0-N  open  the  release  circuit  as 
soon  as  the  wipers  have  returned 
home,  thus  preventing  continuous 
energizing  of  RLS.  The  wiper  cir¬ 
cuit  is  again  opened  during  rotation 
by  contacts  on  B.  Sometimes  it  is 
necessary  to  insure  that  only  one 
series  of  dial  impulses  will  be  reg¬ 
istered.  The  circuit  shown  in  Fig.  4. 
by  the  addition  of  relay  D,  accom¬ 
plishes  this  purpose.  The  first  pulse 
to  RM  is  transmitted  through 
springs  1  of  relay  A,  2  and  3  of  re¬ 
lay  B,  1  and  2  of  relay  D  to  C  and 
RM  in  parallel.  Operation  of  C  oper¬ 
ates  D  from  springs  4  and  6  of  C  to 
coil  of  D.  Relay  D  locks  upon  opera- 
ation  of  its  own  springs  3  and  4 
Subsequent  pulses  to  RM  fail  to  find 
a  path  through  contacts  1  and  2  of 
D  but  go  through  contacts  4  and  5 
of  C.  Relay  C  remains  operated 
during  the  short  interval  between 
pulses,  but  having  released  at  the 
end  of  the  series  cannot  again  be 


Mr.  M.  Carifio,  President  of  C-Eight  Labora¬ 
tories,  Newark,  New  Jersey,  has  this  to  say 
about  SPEED  NUTS: 


“Further  experiments  increased  the  use  of 
SPEED  NUTS  in  assembling  our  “Electro"  All- 
Electrical  .Cigarette  Vending  Machine.  Since 
this  change  over,  a  study  of  our  costs  reveals 
a  saving  up  to  25%.  We  feel  sure  that  more 
and  more  Tinnerman  fasteners  will  be  used 
on  our  equipment  and  will  set  a  standard  of 
quality  and  perfection  for  the  ultimate  user." 


Pv«h-en  typ*  SPIED  NUTS  or*  wtvcf  ever  die  cost  stvdt 
os  shewn  at  Ml,  to  oUach  madalllon  and  dallvary  cem- 
pertment  bexef,  and  for  ether  fatlaning  job*  not  visibla 
in  photo.  C7000  Hal  typo  SPEED  NUTS  ora  used  te 
etfech  hingot  to  top  sever,  bettem  treme  and  door*. 


We're  sure  we  can  help  you  produce  o 
better  product  at  lower  cost.  Write  us  obout 
your  assembly  problem  today. 


TINNERMAN  PRODUCTS,  INC 


2106  Fulton  Road,  Cleveland  13,  Ohio 


In  France:  Aeroeestoires  Simmondt,  SA,  Parh 


In  Canada:  Dominion  Fasteners  Ltd.,  Hamilton 
In  England:  Simmonds  Aerocessories,  ltd.,TreFarest 


rATacrlb 


SHAPES  AND  SIZES 
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2833-13th  Avenue  So.,  Minneapolis,  Minn 


GROOMING  an 


^  MW  TRANSFORMER 
for  FAULTLESS  PERFORMANCE 


Complete  Tests  to  Meet 
Rigid  ADC  Specifications 


ADC  Quality 


Strict  electrical  tests  are  given  to 
ADC  Transformers  at  three  dif¬ 
ferent  stages  of  production.  In 
order  to  give  you  faultless  per¬ 
formance  on  the  job,  each  and 
every  transformer  must  come 
within  ADC  catalog  specifica¬ 
tions  on  every  lest.  (Customer 
specifications  on  special  trans¬ 
formers.) 

7sf  TEST.  After  assembly  of  coil  and 
laminations,  each  component  is4 
given  complete  performance  tests 
for  compliance  with  specifications. 

Any  unit  failing  to  meet  all  require¬ 
ments  is  rejected. 

2nd  TEST.  After  impregnation,  bak-  3rd  TEST.  After  cleaning,  labeling, 
ing  and  casing,  each  transformer  etc.,  a  final  continuity,  breakdown 
is  re-checked  for  continuity,  break-  and  thorough  visual  check  is  made, 
down  and  other  requirements  of  This  quality  control  test — plus  the 
the  particular  unit.  This  guaran-  finest  materials  and  workmanship 
tees  correct  wiring,  perfect  insula-  available — assures  you  of  faultless 
tion — no  "shorts”  or  "opens.”  performance  on  the  job. 


ELIMINATES  necessity  for  large 
over-runs  to  allow  for  rejects. 
(Customer  returns  consistently 
less  than  of  1  %.) 

AVOIDS  expense  and  delays  due 
to  rejects  which  must  be  sent 
back. 

GUARANTEES  performance  as  spe¬ 
cified  in  ADC  catalog.  (Custom- 
built  transformers  guaranteed 
to  meet  your  specifications.)  ; 


Other  ADC  Quality  Components 
JACKS  •  JACK  PANELS  •  PLUGS  •  PATCH  CORDS 


rUIES  AT  WORK  *  (centinuad) 

operated  since  springs  1  and  2  of 
D  are  held  open,  since  D  is  locked  in 
the  operated  position.  Therefore, 
there  is  no  path  for  pulses  to  RM 
and  thus  any  subsequent  series  of 
impulses  prior  to  complete  reset  will 
not  affect  tfie  wiper  setting. 

Another  dialing  combination  is 
shown  in  Fig.  6.  In  order  to  avoid 
the  use  of  a  start  key,  the  off- 
normal  springs  on  the  dial  are  used 
to  close  the  line  circuit.  The  release 
is  automatic,  but  is  accomplished 
just  as  a  new  .dialing  starts.  To 
allow  time  for  this  operation,  the 
first  dial  impulse  is  absorbed  and  an 
additional  one  is  inserted  at  the 
end  of  the  sequence  to  keep  the 
numbering  system  in  step.  Relay  A 
operates  when  the  line  circuit  is 
closed  by  the  off -normal  springs  of 
the  dial,  and  in  turn  operates  B 
through  springs  2  and  3  of  A.  Relay 
RM  is  energized  from  this  same 
source  through  1  and  2  of  C  and 
the  closed  off -normal  springs  (if  the 
wipers  are  off  the  home  position). 
When  A  releases  on  the  first  dial  in¬ 
terruption,  D  operates  from  1  and  2 
of  B  and  4  and  5  of  A.  Relay  B 
does  not  release  on  these  short  in¬ 
terruptions  because  of  its  slow  re¬ 
lease  feature.  Relay  C  operates 
when  A  again  reoperates  from  2 
and  3  of  A,  1  and  2  of  D  and  6  and 
7  of  C.  It  locks  from  1  and  2  of  R 
through  5  and  7  of  C.  When  A  again 
restores  on  the  second  interruption, 
RM  is  energized  from  1  and  2  of  A 
and  3  and  4  of  C.  Thus,  while  the 
dial  has  opened  the  circuit  twice. 


FIG.  4 — This  circuit  will  respond  only  to 
a  single  series  of  dioled  impulses;  com¬ 
plete  reset  is  required  before  another 
impulse  series  can  be  registered 
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F-892R  Ferc*dHiir-cool*d 


F-892  Wat«r><ool*<l 


AT  nUAH,  RADIO  STATION 
OF  THE  NEW  YORK  TIMES 


Federal  Telephone  and  Radio  Corporation 


100  KINGSLAND  fiOAO.  CLIFTON.  NEW  JERSEY 


ki  Cowodo;  —  Federal  Electric  Manvtocturmg  Company.  Ltd.,  Montreal. 

import  Oistribotore:  —  International  Standard  Electric  Corp.,  47  brood  St.,  N.  Y.  C. 


THIS  F-892R  power  amplifier  tube  was  installed  in  WQXR’s  10-kw 
transmitter  on  February  5,  1943  —  removed  from  service  on  December 
22,  1945,  after  17,363  hours  on  the  air! 

It’s  operating  records  like  this — long  life  and  enduring  performance — 
that  have  made  Federal  tubes  the  first  choice  of  so  many  broadcast  station 
engineers  and  operators  all  over  the  country.  The  F-892R  power  ampli¬ 
fier — and  the  corresponding  F-891R  modulator  —  are  forced-air-cooled 
tubes  which  have  consistently  set  the  standards  for  performance  in  10  kw 
AM  transmitters.  Water-cooled  types  of  equivalent  rating  are  also  av  ailable. 

These — like  all  Federal  tubes — reflect  38  years  of  pioneering,  research, 
and  manufacturing  experience.  Their  outstanding  service  is  made  possible 
by  Federal’s  exacting  performance  requirements  and  rigid  acceptance 
tests — including  two  searching  X-ray  tests  which  reveal  any  hidden  flaws 
or  imperfections. 

Whenever  you  want  extra  opierating  economies  and  long  uninterrupted 
service,  specify  broadcast  tubes  by  Federal.  For  complete  technical  data 
on  the  F-892R  and  F-891R  tubes,  write  to  Federal  today — Dept.  BS13. 


HR 

An  IT&T  Associate 


That’s  PROVED  PERFORMANCE  for 
Federal’s  F-892R  AM  Broadcast  Tube 


KCCPINa  FCDKRAI.  YEARS  AHEAD.. .i»  IT&T‘»  wOfld-wida 
research  and  ettgineering  organiaalion,  of  which  the  Federal 
Telecommunicalion  Laboratories.  Nutley,  N.  is  a  unit. 
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MANUFACTURING  COMPANY,  INC 


CONNECTICUT 


TORRINGTON 


YOUR  PRODUCTS 


HARNESS  TIME  TO 


SUBSIDIARY  OF  GENERAL  TIME  INSTRUMENTS  CORPORATION 


TUBES  AT  WORK 


(cMtinu«df 


FIG.  5 — This  drcuit  requires  no  start  key. 
Automatic  reset  is  accomplished  as  each 
,  new  dialing  begins 


RM  has  operated  only  once.  How¬ 
ever,  when  A  restores  at  the  end  of 
the  dialing  cycle  RM  is  again  en¬ 
ergized  over  the  same  circuit  path 
as  previously.  B  releases  after  an 
interval,  restoring  C  and  D.  Resto¬ 
ration  of  C  opens  the  circuit  to  RM 
at  3  and  4  of  C.  Thus,  a  final  step 
is  given  to  the  wipers  to  make  up 
for  the  one  missed  at  the  beginning. 

Associated  with  Fig.  5  is  a  val¬ 
uable  tool  of  the  circuit  designer 
known  as  the  timing  chart  shown  in 
Fig.  6.  Along  the  left  side  is  a  tab¬ 
ulation  of  the  relays  used,  plus  the 
initiating  device.  Horizontal  lines 
are  then  drawn  to  indicate  periods 
of  current  flow  and  relay  operation. 
As  the  circuit  is  closed  from  the 
dial,  A  coil  is  energized  and  its  con¬ 
tacts  operate.  This  in  turn,  ener¬ 
gizes  B  and  RLS.  The  opening  of  A 
after  closure  of  B  energizes  D,  and 
so  on.  Thus  we  have  a  circuit  se¬ 
quence  as  well  as  a  description  and 
check  on  the  operation.  If  it  later 
develops  that  other  functions  must 


shows 

the 

way 


This  cross  section  of  a  Haydon  timing  motor  illustrates  a  few  of  the 
exclusive,  patented  features  that  make  Haydon  synchronous  motors 
and  timers  the  most  accurate  and  dependable  in  the  field. 

1  Compact,  sealed  gear  housing. 

2  Shading  coil  construction  gives  high  starting  torque. 

3  Field  structure  gives  balanced  torque  characteristics. 

4  Porous  bronze  graphite  bearings  filter  lubricant  to  bearing 

surfaces. 

5  Shaft  housing  seals  lubricant  away  from  motor  shaft— 

prevents  pumping. 

6  Sealed  reservoir  for  motor  shaft  lubrication. 

7  Uniform  reluctance  ring  rotor  for  uniform  torque  character¬ 

istics,  rigidly  held  by  spunover  support. 

8  Double  bronze  bearing  on  output  shaft. 

9  Lubricant  carried  by  capillary  attraction  to  each  gear 

assembly  individually,  irrespective  of  mounting  position 
of  unit. 

10  Protection  against  voltage  surges  with  fold  of  insulation. 

11  Projection-welded  field  assures  accurate  air  gap  and 

rugged  construction. 

Comprehensive  range  of  output  speeds  from  450  rpm  to  1  revolution 
per  1000  hours  mokes  Haydon  motors  universally  adaptable.  Write 
for  our  new  1948  Engineering  Catalog  covering  all  Haydon's  motors 
and  timers.  For  an  actual  timing  motor  demonstration  at  your  desk, 
request  a  call  by  your  Haydon  representative. 

WRITE  HAYDON,  2401  ELM  STREET,  TORRINGTON,  CONN. 


CLOSE  AT 
A  ANOB  ; 


OPENv  OPEN 
AT  A  r  AT  Cx 


CLOSE  AT'' 

- »  TIME  A  AND  C 

LEGEND-,,— j/  Iq-y 

COIL”-'  /  COIL-’  \ 

CIRCUIT  CONTACTS  CIRCUIT  CONTACTS 
CLOSE  ACTUATE  OPEN  RELEASE 


FIG.  6 — Timing  chart  ihowt  periods  oi 
relay  operation,  and  is  useful  to  designer 
in  determining  where  to  add  relay  con¬ 
tacts  for  particular  operations  at  speci¬ 
fied  times 
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ROCKBESTOS 


e 

Pf 

..u  It  0  »*'" 


INSIST 

ON  FERMANENTLY  INSULATED 
ROCKBESTOS  WIRES  AND  CABLES 


s 


,JMbe*>o»'> 


Your  customers  may  take  wire  jierformance  for  granted  in  your 
product — but  you  can't.  Apart  from  the  black  eye  wire  failures  can 
give  an  otherwise  goorl  brand  name,  torlay’s  sky-high  servicing  and 
replacement  costs  can  put  a  heavy  overload  on  0|>erating  ex|)enses. 

Profit  margins  go  up  and  servicing  costs  go  down  when  Ro<'kbestos 
wires,  cables  and  cords  go  in!  If  your  product  generates  heat  or  is 
use<l  in  high  ambient  tenij)eratures  that  shorten  the  life  of  the  wiring, 
remember  that  asbestos  insulated  Ro<*kbestos  wires  and  cables  will 
operate  continuously  at  high  rated  temj)eratures.  They  won't  dry  out, 
become  brittle,  crac-k  or  flow.  They  won't  deteriorate  when  exjK)sed 
to  grease,  oil  or  corrosive  fumes.  They  will  provide  longer  life  and 
greater  current  capacity  through  high  heat  resistanc-e. 

Whether  your  product  is  large  or  small — sold  to  consumers  or 
industry — there’s  a  permanently  in.ndated  Ro<-kl)estos  wire,  cable  or 
cord  that  will  improve  i)erformance  and  increase  profits.  For  recom¬ 
mendations  or  engineering  assistance  write  to  the  nearest  district 
oflSce  or: 


Atedasbest^* 


Conoec^**"' 

Vor  .Aors, 

Ovens, 


varnis' 


(asbestos' 


Connectin®*^’ 

m*As, 


italns, 

VovreT 


For 

\lot*»r  be 


Y^esistors, 


From  the  nr  three  Inimc  Hockbe^dos  constructions 
125  different  permanently  insulated  veires, 
cables  and  cords  hare  been  developed  to  give 
better  and  longer  service  under  severe  or  unusual 
operating  conditions. 


ROCKBESTOS  PRODUCTS  CORPORATION 

45S  NICOLL  ST.,  NIW  HAVIN  4,  CONN. 


NEW  YORK  BUFFALO  CLEVELAND  PITTSBURGH  DETROIT 
CHICAGO  ST.  LOUIS  LOS  ANGELES  OAKLAND 
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R/I  YTHEOn 


(CMtillMd) 


IF  YOU  USE  CUSTOM-BUILT 

TRANSFORMERS 


TO 

TUBE  — 
PLATE- 
cmcoiT 


SWITCH 

HOOK 


TO  • 
LIGHT 


FIG.  7 — This  sslsctiTs  calling  drcuit  ior 
mobils  radio  Installotioas.  is  sot  up  to 
rospond  to  dialed  combination  3331 


be  performed  at^  certain  specific  in¬ 
stants,  an  examination  of  the  chart 
will  reveal  what  relays  are  operated 
or  normal  at  that  time  and  contacts 
can  be  added  accordingly. 

Selective  Calling 

Figure  7  shows  the  circuit  in  use 
by  the  Link  Radio  Corporation  for 
the  selective  calling  of  mobile  radio 
equipment.  A  photograph  of  this 
unit  is  shown  in  Fig.  8.  This  circuit 
is  very  similar  to  that  shown  in 
Fig.  3  except  for  the  addition  of 
bank  strapping  so  arranged  that  if 
the  wipers  stop  on  certain  points,  a 
release  circuit  is  established  from 
the  back  contact  of  C  through  the 
wiper  to  RLS  to  restore  the  switch. 
The  circuit  is  shown  strapped  for 
the  number  combination  3331.  If 
this  number  is  dialed  in  order,  the 
wipers  will  arrive  at  position  10 
since  bank  contacts  3,  6  and  9  are 
not  connected  to  the  restore  circuit. 
When  the  wiper  arrives  at  10,  a  cir¬ 
cuit  is  closed  to  relay  S  which  locks 
through  the  hookswitch  contacts 
and  also  sounds  an  alarm. 

Relay  A  is  in  the  plate  circuit  of 
a  receiver  tube  arranged  to  be  sen¬ 
sitive  to  a  calling  tone  transmitted 
only  during  this  selection  or  calling 
period.  The  tone  is  interrupted  by  a 
dial  or  other  calling  device.  When 
the  tone  is  removed  at  the  end  of 
the  calling  period,  A  and  B  restore 
to  actuate  RLS.  It  should  be  noted 
that  as  many  as  88  of  these  units 
using  four-digit  numbers  totaling 
ten  may  be  operated  on  the  same 
system  with  no  ambiguity.  Thus 
only  one  switch  will  arrive  at  the 
tenth  position  while  all  others  will 
have  stopped  on  a  nonconnected 
point  at  least  once,  and  will  thus 
have  restored.  On  the  other  hand, 
dialing  selected  two-digit  numbers 
will  close  desired  groups  of  circuits; 
dialing  zero  will  bring  in  all  units. 
For  example,  the  number  46  will 


TAKE  A  LOOK  AT 
THIS  BULLETIN 


Here’s  help  you  can  use  in  visualizing  magnetic  com¬ 
ponents  to  meet  your  special  requirements.  Time¬ 
saving  forms  make  it  easy  to  specify  your  needs.  Write 
for  it  today. 


RAYTHEON  MANUPACTURINO  COMPANY 
COMMERCIAL  PRODUCTS  DIVISION 
WALTHAM  54,  MASSACHUSETTS 

ndustrial  and Comm0rcial  Elactronie  Equipmant,  I 


Sales  Offices: 

Atlanta.  Boston,  Chicago,  Cleveland,  Detroit,  New  York,  Washington,  D.  C. 


Please  Rush  Our  Copy 
Your  New  Special-Purpose 
TRANSFORMER  BULLETIN 
DL-K-301  A 
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WiiAT  KIND  of  men  are  the  2,300  scientists  and  engineers  of  Bell  Tele¬ 
phone  Laboratories? 

Men  of  many  hpes,  working  in  different  fields  of  research,  may 
contribute  to  each  development. 

But  all  have  certain  characteristics  in  common;  Good  minds  as  a 
foundation,  many  years  of  learning  in  the  fundamentals  of  their  science 
and  the  methods  of  research,  and  a  co-operative  attitude  —  for  without 
co-operation  of  individuals  these  products  of  research  could  never  be 
produced. 

Above  all  else,  howeser,  they  have  “the  spirit  to  adventure,  the  wit 
to  question,  and  the  wisdom  to  accept  and  use.” 

lliat  kind  of  men  can  produce  the  finest  telephone  equipment  in  the 
world  —  and  have  done  so. 


BELL  TELEPHONE  LABORATORIES 

EXPLORING  AND  INVENTING,  DEVISING  AND  PERFECTING  FOR  CONTINUED  IMPROVEMENTS  AND  ECONOMIES  IN  TELEPHONE  SERVICE 


(centinMd; 


lAlUNTINE  ELECTRONIC  VOLTMETER 
DECADE  AMPLIFIER  and  MULTIPLIER! 


V*  A.C  VOITS 


MODEL  300 
ELEadONiC 
VOLTMETER 


MODEL  220 
DECADE 
AMPLIFIER 


MODEL  402 
MULTIPLIER 


FIG.  8  —  Mobil*  ateppiaq-Bwltch  onlt 
Circuir  i*  ahown  in  Fig.  7 


Ih*  only  VOLTMETER 
faoturing  a  MmpMUd 
LOOARITHAAIC  SCAU 


select  all  units  of  which  the  first  two 
digits  add  to  4.  In  this  manner,  the 
system  may  have  seven  subgroups 
for  dispatching  of  semigeneral  in¬ 
formation.  In  a  Fire  Department 
System,  for  example,  battalioi> 
chiefs  could  be  in  one  group,  en¬ 
gines  in  another,  and  so  forth. 

Speed  of  operation  is  an  im¬ 
portant  factor  in  the  application  of 
stepping  switches.  The  standard 
switch  will  readily  follow  standard 
10-  and  20-pulse  dials,  and  it  is  pos¬ 
sible  under  ideal  conditions  of  pulse 
ratio  and  voltage  to  realize  a  speed 
of  35  steps  per  second.  Since  the 
coils  have  definite  operate  and  re¬ 
lease  times,  unless  the  control 
pulses  have  sufficient  length,  the 
magnet  will  not  step.  If  the  space 
between  pulses  is  too  short,  the 
magnet  will  not  be  restored  before 
the  next  pulse  arrives.  In  standard 
control  dials,  the  ratio  between  the 
closed  circuit  time  and  the  com¬ 
bined  open  and  closed  circuit  time 
is  62  percent. 


10  MICROVOLTS  to  10,000  VOLTS 


ONE  BILLION  TO  ONE— This  enormous  range  of 
AC  voltages  — is  easily  covered  by  the  Model  300 
Voltmeter,  Model  220  Decade  Amplifier  and  Model 
402  Multipliers  illustrated  above.  The  accuracy  is 
2%  at  any  point  on  the  meter  scale,  over  a  frequency 
range  of  10  cycles  to  150  kilocycles.  The  Model  300 
Voltmeter  (AC  operated)  reads  from  .001  volt  to 
100  volts,  the  Model  220  Amplifier  (battery  operated) 
supplies  accurately  standardized  gains  of  lOx  and 
lOOx  and  the  Model  402  Multipliers  extend  the  range 
of  the  voltmeter  to  1,000  and  10,000  volts  full  scale. 

Descriptive  Bulletin  No.  10  Available 

BALLANTINE  LABORATORIES,  INC. 

lOONTON,  NEW  JERSEY,  U.S.A. 
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FIXED  RESISTORS 


ADJUSTABLE  RESISTORS 


The  ALLEN-BRADLEY  LINE  of  RADIO  RESISTORS 

—  not  affected  by  heat,  cold,  moisture,  or  age 


Brodleyunit  resistors  ore  small  in  size  but 
"tops"  in  load  and  life  tests.  Under  continu¬ 
ous  1 00?5  load  ^or  1 000  hours,  the  resistance 
change  is  less  than  5%. 

The  leads  are  differentially  tempered  to 
prevent  sharp  bends  near  the  resistor.  Leads 
are  easily  formed  to  fit  any  spot. 

Bradleyunits  are  packed  In  handy,  honey¬ 
comb  cartons  that  keep  the  leads  straight. 
When  resistors  are  kept  loose  in  pans  they 
are  hard  to  pick  up.  Leads  become  bent  and 
tangled,  and  assemblers  lose  time. 

Bradleyunits  are  made 
^ I  in  ^-watt  and  2-watt 

sizes  in  standard  R.M.A. 
values  from  10  ohms  to 
22  megohms.  One-watt 
Bradleyunits  are  avail¬ 
able  in  values  from  2.7 
ohms  to  22  megohms. 


The  heart  of»the  Type  J  Bradleyometer  is 
the  solid -molded  resistor  element.  It  is  a  thick 
ring,  molded  to  provide  any  resistance-rota¬ 
tion  curve.  After  molding,  heat,  cold,  moisture, 
or  hard  use  cannot  affect  it. 

The  resistor  element  is  molded  as  a  single 
unit  with  insulation,  terminals,  face  plate,  and 
threaded  bushing  in  ONE  piece.  There  are 
no  rivets  nor  welded  nor  soldered  connections. 
It  is  rated  at  2  watts  with  a  big  safety 
factor;  can  be  furnished  with  line  switch, 
if  desired,  and  with  any  shaft  extension. 

Type  J  Bradleyometers 
can  be  obtained  in  sin¬ 
gle,  dual,  or  triple  unit 
constructions.  The  Type 
JW  Bradleyometer  is  a 
watertight  unit  for  spe¬ 
cial  weatherproof  con¬ 
trol  applications. 


The  handy  honeycomb  cor- 
tons  prevent  leads  from  tan¬ 
gling  and  save  time. 


Sectional  view  of  Bradley¬ 
ometer  molded  resistor  ele¬ 
ment. 


Allen-Bradley  Co.,  110  W.  Greenfield  Ave.,  Milwaukee  4,  Wis. 


alleC^br^dley 

FIXED  &  ADJUSTABLE  RADIO  RESISTORS 


QUALIIV 
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SIZES  OF  UNITS 

Rating 

L 

D 

i-w 

3  8" 

9/64"' 

1-w 

9  16"' 

7  32" 

2-w 

11/16"' 

5/16" 

!  . 


TtT,.- 


NEEDLE  TALK 


MODBL  Hr 


CARTRIDGE 


Aleevs  Exacting 


Specifications  of  Many 
Leading  Phonograph 
Manufacturers 


•  In  the  design  and  manufacture  of 


this  new  "LT"  Crystal  Cartridge,  The 


For  those  who  prefer  a  de  luxe  Reproducer,  Asiatic  suggests  earnest 
consideration  of  the  "QT"  (Quiet  Talk)  CRYSTAL  CARTRIDGE — with 
matched,  replaceable  "Q"  Needle,  sapphire  or  precious  metal  tipped. 


Compvator  insp9ction  of  "Eloebo- 
Formod”  prmdous  Mobil  tip  of  n- 
pkeooUo  "T*  Typo  Noodio  usod  in 
tiio  ’’LT"  Corkridoo. 

D 

•  Matched  to  the  Certridge,  this 
new  Type  ‘T‘  Needle  is  the  only 
one  that  can  E>e  used,  thus  assuring 
the  constancy  of  quality  repro* 
duction  regardless  of  the  number 
of  times  the  needle  may  be 
changed. 


Astatic  Corporation  is  supplying  to 
the  radio  phonograph  industry,  a 
dependable,  low  needle  talk  repro¬ 
ducer.  at  on  attractively  low  price. 
Its  use  is  highly  recommended  with 
all  types  of  record  changers  and 
manually  operated  phonographs. 
Note  these  features: 


1.  Low  Needle  Talk 

2.  Low  Needle  Pressure 

3.  Low  Price 

4.  Replaceable  "T"  Needle 

5.  Cutoff  Frequency,  4,000  c.p.s. 

6.  Output  Voltage,  1.00  volt 
(Avg.  at  1,000  c.p.s.) 

7.  Needle  Guard  Posts 

8.  Standard  Dimensions 
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sistivity  is  concerned,  there  is  little 
difference  between  mixing  fine 
graphite  with  coarse  copper  or 
coarse  'graphite  with  fine  copper. 
However  the  resistivity  is  much 
greater  in  a  mixture  of  exclusively 
fine  particles  than  in  one  of  fine  and 
coarse  particles.  Therefore,  it  ap¬ 
pears  that  the  contacts  constitute 
the  greater  part  of  the  total 
resistance. 

Effects  on  resistivity  and  temper¬ 
ature  coefficient  were  studied  by 
varying  the  amount  of  zirconium 
dioxide  (ZrO,),  talc  (3MgO‘4SiO»* 
H,0),  and  the  type  and  particle 
size  of  graphite.  The  compositions 
were  dry  mixed,  compacted  at  10 
tsi,  and  sintered  as  before.  Figure 
3  shows  that  the  resistivity  can  be 
varied  from  10'*  to  10"’  ohm-cm,  and 
the  temperature  coefficient,  indi¬ 
cated  by  the  numbers  on  the  curves, 
varied  from  highly  positive  through 
zero  to  negative.  The  temperature 
coefficients  indicated  on  the  graph 
were  obtained  by  measuring  resist¬ 
ivities  at  room  temperature  (25  C), 
heating  the  samples  to  200  C,  and 
again  measuring  the  resistivities 
The  figures  on  the  graph  indicate 
the  percent  of  this  resistance 
change  relative  to  the  resistance 
at  room  temperature,  positive  fig¬ 
ures  indicating  an  increase  in 
resistance  with  temperature,  neg¬ 
ative  a  decrease.  Samples  of  low¬ 
est  resistivities  contained  fine 
crystalline  graphite.  Whereas  in 
the  previous  test,  small  particle  size 
gave  high  resistance,  in  this  test, 
small  particle  size  gave  low  resist¬ 
ance.  The  relation  between  particle 
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YOU  GET  QUALITY  PLUS  ENGINEERING  SERVICE.  WITH  G-E  PERMANENT  MAGNETS 


AnellMr  applieotien  for 
OfM  ol  Hi*  many  G>E  p*rm» 
-f  n*nt  magiMl  malariais  is  Hi* 
synchronous  inductor  motor 
dssignod  by  Oonorol  Ekctric's 
FrocHonol  Horsopowor  Motor 
Divisions.  Outstanding  foo- 
turos  or*  soH-stort,  i*w-sp**d 
and  high  torqu*. 


The  Magnet  that  Governs  Time 


Used  widely  in  industrial  timing  applications 
such  as  traffic  signals,  motor-operated  valves  and 
recording  instruments,  the  G-E  self-starting  syn¬ 
chronous  inductor  motor  derives  its  d-c  excitation 
from  an  ALNICO  permanent  magnet  within  the 
rotor  structure.  Available  in  fractional-horsepower 
sizes,  this  motor  is  essentiallv  an  inductor  alterna¬ 
tor  operating  as  a  motor  with  the  rotor  torque  and 
inertia  so  designed  that  it  will  start  and  lock  in 
step  with  the  alternating  field  in  one-half  cycle. 

In  addition  to  the  large  group  of  CAST  and 
SINTERED  ALNICO  permanent  magnets.  General 
Electric  now  offers  you  greater  flexibility  of  mag¬ 
net  design  with  the  ductile  alloys,  CUNICO, 
CUNIFE,  and  SILMANAL  and  lightweight  non- 
metallic  VECTOLITE.  Be  assur^  of  receiving 
magnets  of  the  highest  uniform  quality  resulting 
from  precise  G-E  production  methods,  accurate 
testing  and  rigid  inspection. 


PERMANENT 

MAGNETS 


Let  us  help  you  with  your  magnet  application 
problems.  General  Electric  engineers,  backed  by 
years  of  research  and  magnet  design  experience, 
are  always  at  your  service.  Metallurgy  Division, 
Chemical  Department,  General  Electric  Company, 
Pittsfield,  Mass. 


ANNOUNON*  .  .  .  G  NIW  MmAotG  Mm  •«  •>!  ALMCO 
poroMMiant  mat"**  NOUMNa  AttlMllHS.  Tliara  wg 
iHNiGraGs  *f  ptoca*  Ig  th#  fGatory,  atara,  Hogig  ggG  work' 
•hop  wh*ra  Hms*  powarful  GiGpiftlc  HgvIcgs  cgg  k*  g*g4 
t*  GHvGGtGRG.  For  cpGiplata  HmgR*,'  mgG  lor  ggt  ggw 
kuSOTlG-  ^ 


METALLURGY  DIVISION,  SEC.  FA-1 
CHEMICAL  DEPARTMENT 
GENERAL  ELECTRIC  COMPANY 
PITTSFIELD,  MASS. 

Pl*at*  f*nd  m*;  \  ' 

□  "G-f  R»rman«nt  Magnet  Holding  Auemblie$" 

□  "G-f  Permanent  Magnet$'" 

NAME . . TmE 

COMPANY . 

ADDRESS . 
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when  a  cast  is  executed.  These  gears  must  aUo 
withstand  the  strain  of  hauling  in  a  fighting  fish  of 
unpredictable  size  and  strength,  thus  rendering  a  dual 
purpose:  speed  and  velvety  smoothness  in  one 
direction-strength  and  durability  in  the  other. 

Instrumeuts  and  machines  have  individual  gear 
problems.  For  over  a  quarter  of  a  century,  Quaker 
City  Gear  Works  has  solved  thousands  of  them 
and  produced  millions  of  gears  of 
every  description  up  to  60"  in  diameter 
for  manufacturers  in  many  diversified  industries. 

Aircraft  controls,  dental  drills,  electric  clocks, 
gauges,  indicators,  heat  controls,  machine  tools, 
radar,  radios,  washing  machines  and  motion  picture 
projectors  are  but  a  few  of  the  many  conveniences 
of  modern  progress  which  depend  upon  the 
heartbeat  of.Quaker  City  Gears.  Your  gear  problem 
is  our  business,  our  large  productive 
capacity  is  at  your  service. 

YOUR  INQUIRIES  WILL  RECEIVE  PROMPT  ATTENTION 


1910  N.  Front  Street,  Philadelphia  22,  Pa 


FIG.  4 — Thar*  ia  tom*  corralation  batwaen 
raaistiTlty  and  temparoture  coafficiant 


resistance  and  contact  resistance  de- 
termines  the  effect  of  particle  size. 
The  samples  in  the  second  test  with 
coarse  crystalline  graphite  showed 
the  smallest  change  in  resistance 
when  heated.  Materials  with  prac¬ 
tically  zero  temperature  coefficient 
can  be  produced  in  this  way. 

Distribution  of  particles  in  the 
mixture  greatly  affects  the  electri¬ 
cal  properties.  To  study  the  effect 
of  mixing,  identical  batches  were 
dry  mixed  and  wet  mixed.  Wet 
mixing  distributes  the  particles 
more  uniformly  than  dry  mixing. 
Samples  consisted  of  uniform 
amounts  of  ZrO,-talc  and  5  parts  of 
graphite  made  of  various  propor¬ 
tions  of  coarse  (10  micron)  and 
fine  (2.5  micron)  crystalline  graph¬ 
ite.  The  graph  of  the  results 
Fig.  4,  suggests  that  temperature 
coefficient  is  somehow  connected 
with  resistivity,  being  zero  in  the 
region  between  10*  and  10*  ohm-cm 
for  this  particular  composition  of 
materials.  The  correlation  between 
resistivity  and  temperature  coeffic¬ 
ient  was  verified  by  selecting  a 
series  of  samples  prepared  in  the 
same  manner  but  having  different 
resistivities  because  of  nonuniform 
particle  distribution  from  the  dry 
mixing  technique.  The  low-resist¬ 
ance  samples  had  negative  tempera¬ 
ture  coefficients,  the  high  ones  had 
positive. 

Sintering  temperature  also  af¬ 
fects  the  electrical  properties,  as 
shown  in  Fig.  5.  Samples  were  of 
ZrO,-talc  and  5  parts  crystalline 
graphite  in  the  fineness  shown  on 
Fig.  5;  compacted  at  10  tsi  and  fired 
for  2.5  hrs  at  the  indicated  tem¬ 
peratures.  The  test  shows  that, 
although  resistivity  is  largely  de¬ 
pendent  on  particle  size,  it  can  be 
influenced  by  sintering  tempera¬ 
ture.  Also,  in  this  case  the  tempera¬ 
ture  coefficient  is  larger  for  higher 
sintering  temperatures,  and,  in  con- 
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lliance  Model  B  is  another  new^ 
4>pole  shaded  type  induction  mo¬ 
tor.  It  is  especially  adapted  to  fan 
blades  and  other  mechanical  loads. 

This  motor  is  made  in  three  stand¬ 
ard  stack  thicknesses  with  vari¬ 
able  horsepower  ratings  for 
particular  operating  conditions 
such  as  fan  loads — other  mechanical 
loads  — continuous  or  intermittent 
duty.  And  to  futher  meet  varied  load 
requirements.  Alliance  Model  B  can 
be  supplied  semi-enclosed  as  illus¬ 
trated  or  completely  enclosed  with 
oil  tubes  and  oilers. 

With  a  range  of  power  ratings  from 
l/lOO  h.p.  up  to  1/25  h.p.  and  a 
speed  of  1550  rpm.  Model  B,  like  all 
Alliance  motors  lends  itself  to  mass 
production  at  low  cost. 


WHEN  YOU  DESIGN-KEEP 


ACTUAL 

SIZE 


MOTORS  IN  A 


MIND 

alliance  manufacturing  company  -  alliance,  OHIO 


Export  Department:  401  Broadway,  New  York  13,  N.  Y.,  U.  S.  A. 
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COMPOSITION-  Z.S>iGRAPHITe  I 
MIXTURE-  2.3  a  3>i  GRAPHITE  2 
COMPOSITION  5>i  graphite  3 


SINTERING  TEMPERATURE  M  DECREES  C 


FIG.  S — RaaistiTity  is  a  compisx  function  oi 
sintoring  tomporcrturs 


trast  to  the  conclusions  from  the 
preceeding  tests,  temperature  coeflS- 
cients  can  be  different  for  sampler 
having  equal  resistivities. 

Although  these  examples  are  ul 
specific  composite  materials,  thej 
show  that  sintered  ceramic  semi 
conductors  can  be  developed  in  a 
wide  variety  of  resistances  and 
temperature  coefficients  to  meei 
numerous  requirements.  (.Paper 
originally  presented  at  National  Re 
search  Council  Conference  on  Elec 
trical  Insulation,  September  1947. 
Cambridge,  Ma.ss.) 


Cartridge  nquires  only 
Vz  ounce  stylus  force. 
Sapphire  stylus  can 
be  removed  and 
replaced  with- 
1^  out  tools. 


*  This  is  sensalionol  news  I  ^ 

The  BR-203  crystal  pick-up 
||  offers  unequalled  character- 
istics— and  at  low-cost! 

•  Maximum  stylus  liie  due  to  highly  ^ 
compliant  mounting  and  low  stylus 
force  .  .  .  almost  impossible  to  chip. 

•  High  output 

•  Internal  equalization. 

•  Flat  frequency  response. 

^  •  Low  distortion. 

V'  f 

•  Only  Vi  ounce  stylus  force  required. 

•  Stylus  removable  and  replaceable 
without  tools. 

•  Low  stylus  talk. 

4'  #  New  crystal  mounting  keeps  crystal 
pt  effective  in  high  humidity. 

•  Tests  show  cartridge  unharmed  after 
15  minutes  in  boiling  water. 

•  NewPN  crystal  will  withstand 
temperatures  as  high  as  250  °F. 

for  the  complete  story  on  this  latest 
Brush  Development,  write  TODAYI 


Radiosonde  Potential 
Gradient  Measurements 

By  R.  E.  Beun 

Electronics  Section 
/fominion  Physical  Laboratory 
Wellington,  New  Zealand 

Measurement  of  the  natural  poten¬ 
tial  gradient  below,  in,  and  above 
cumulo-nimbus  clouds  was  carried 
out  with  a  modified  radiosonde. 
Potential  gradient  was  measured  by 
point  discharge  from  a  collector 
shown  in  Fig.  1.  The  current  of 
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FIG.  1 — Two  collocton  of  tho  consInictloB 
■hown  bore  wore  xuod  at  oltbor  ond  of  a 
long  wiro  to  obtain  a  current  proportional 
to  tbe  square  of  tbe  potential  gradient 
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Look  at  the  chassis  of  this  new  RCA  Victor 
television  receiver  and  see  how  careful  "big” 
companies  are  about  a  "little”  item  like  insulation. 

The  leads  to  the  bleeder  resistors  in  this  new 
television  set  require  a  non-combustible  insulation 
with  a  high  degree  of  flexibility.  Temperatures 
encountered  are  well  over  100® F.  That’s  why 
RCA  Victor  engineers  selected  BH  Extra  Flexible 
Fiberglas  Sleeving.  With  BH  Fiberglas  Sleeving, 
they  not  only  meet  Underwriter’s  specificationsi?Mfc 
also  provide  an  extra  measure  of 


Fiberglas  Sleeving  is  used  by  RCA  Victor  in  seven 
production  and  developmental  models  of  television 
receivers. 


Check  your  insulation  requirements  against 
these  advantages  of  BH  Fiberglas  Sleeving  — 
flexible  as  string,  will  not  crack,  cuts  clean,  will  not 
fray,  resists  abrasion,  heat  resistant  to  1200°F.  Try 
remarkable  insulation  in  your  own  plant,  in 
own  product. 


TI.EY,  Harris  Mfg,=£o.,  Conshohockfn,  Pa 


•BH  Non-Fraving  Kihcrgla^  SIccvinus  are  made  bv  an  exclusive  Bentley.  Harris  process  (U.  S.  Pat.  No.  2W1530).  “Fiberglas”  is  Reg.  TM  of  Oweiu-Coriiing  Fiberglas  Corp. 

- USE  COUPON  NOW - 

Bentley,  Harris  Mfg.  Co.,  Dept.  E-18,  Conshohocken,  Pa. 

I  am  interested  in  BH  Non-Fraying  Fiberglas  Sleeving  for - 

( product ) 

operating  at  temperatures  of _ *F.  at _ volts.  Send  samples  so  I  can  see  for  myself  how 

BH  Non-Fraying  Fiberglas  Sleeving  stays  flexible  as  string,  will  not  crack  or  split  when  bent. 


Send  samples,  pamphlet  and  prices 
on  other  BH  Products  as  follows: 

□  Cotton-base  Sleeving  and  Tubing 

□  Ben-Har  Special  Treated  Fiberglas 
Tubing 


NAME 


COMPANY 


ADDRESS 
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FIG.  2 — The  radiosonde  circuit.  Electro¬ 
magnet  M  operates  switch  8 
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Relay  Receiver  or  Remote  Amplifier 


the  discharge  was  used  to  control 
the  squegging  frequency  of  a  radio¬ 
sonde,  the  modified  version  of 
which  is  shown  in  Fig.  2.  The  sonde 
served  to  relay  to  a  ground  record¬ 
ing  station. 


Collector  Discharge 


If  two  sharp  points,  oriented  in 
opposition,  are  connected  by  a  con¬ 
ductor  and  placed  in  an  electric  field 
of  suitable  magnitude,  point  dis¬ 
charge  will  take  place.  If  a  large 
resistance  is  placed  in  series  with 
the  connecting  wire,  the  discharge 
current  will  be 


i-A  (F>-Ar)‘ 

where  F  is  the  existing  potential 
gradient  (greater  than  M),  and  M 
is  the  minimum  gradient  required 
for  discharge;  A  is  a  constant  de¬ 
pending  mainly  on  the  sharpness, 
number,  and  separation  of  the 
points,  and,  to  a  lessen^  degree,  on 
the  series  resistance. 

The  discharge  current  fiowing  in 
the  resistance  produces  a  voltage 
that  the  modified  radiosonde  meas¬ 
ures  to  transmit  a  corresponding 
signal.  To  calibrate  the  discharge 
system,  the  collectors,  connected  by 
the  intended  series  resistor,  were 
placed  in  an  adjustable  electrostatic 
field  produced  between  two  large, 
parallel  metal  sheets.  With  these 
particular  collectors,  point  dis¬ 
charge  began  at  three  volts  per 
centimeter.  This  minimum  value 
had  no  relation  to  the  number  of 
points,  but  once  discharge  was  ini¬ 
tiated,  the  current  was  proportional 
to  the  number  of  points. 

Point  discharge  is  also  a  function 


CANNON  ElECTRIC 

DEVELOPMENT  COMPANY 


3209  Humboldt  Street,  Los  Angeles  31,  Californio 

Canada  &  British  Empire  —  Cannon  Electric  Co.,  Ltd.,  Toronto,  Ontorio  •  World  Export 
Agents  (excepting^British  Empire  Fraiar  &  Hansen,  301  Clay  St.,  San  Francisco  11,  Calif. 


RHOTO  COURTCST  FM  A  TILrVISION  MASAZINS 

TELEVISION  RELAY  RECEIVER  made  by 

RCA  (cover  removed)  showing  Cannon  Elec¬ 
tric  Type  K  Receptacle.  Insert  contains  3 
cooxial  contacts  in  addition  to  other  con¬ 
tacts.  Mating  fitting  is  a  K-21  straight  plug. 


PHOTO  COURTEST  COLLINS  RADIO.  CEDAR  RAPIDS.  IOWA 

REMOTE  AMPLIFIER  (rear' view)  Type  12Z 

made  by  Collins  Radio.  Four  flush  mounted 
P-13  receptacles  indicated  by  arrows.  Com¬ 
plete  catalog  number  P3-13;  three  30-amp. 
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NEW  EOmON  C-At-A  CATAIOG-Por  a  com¬ 
plete  survey  of  the  majority  of  Cannon  Electric 
products,  send  for  this  C-46-A  Catalog,  con¬ 
taining  prices  on  many  items.  Also  included 
are  the  names  and  addresses  of  distributors. 
Write  Department  A-120  for  a  free  copy. 


P-13  Receptacle  P-CG-12  Plug 

TYPE  **P”“made  in 'a  variety 
of  shells.  Type  "P*  Series  comprises 
six  insert  arrangements  with  2,  3, 
4,  5  and  6  30-amp.  contacts  for 
No.  10  B&S  stranded  wire,  and  one 
eight  15-amp.  insert  for  No.  14  B&S 
stranded  wire. 


TYPE  “P”  IS  AVAILABLi  DIRtCr  FROM  MORE 
THAN  185  CANNON  ELECTRIC  DISTRIBUTORS 
LOCATED  IN  ALL  PARTS  OF  THE  U.S.A. 


K-21  Plug 


RK-24C  Plug 


TYPE  — made  in  3  general 

shell  types  with  nearly  190  insert 
arrangements  available  for  a  wide 
variety  of  wire  sizes,  including 
coaxials. 


uOl 
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This  recently  completed  modern  structure,  provid¬ 
ing  more  than  32,000  square  feet  of  floor  space, 
is  our  new  home. 

Production  volume  has  been  considerably  in¬ 
creased  by  the  installation  of  latest  equipment  for 
highly  specialized  operations.  Engineering,  inspec¬ 
tion  and  testing  facilities  have  been  greatly  ex¬ 
panded  to  insure  excellence  of  products  w'ith  the 
maximum  of  efficiency. 

'  These  greatly  expanded  overall  plant  facilities, 
plus  the  recognized  dependability  of  S  C  A  prod- 

icts,  make  it  possible  for  us  to  offer  the  most  com¬ 
il  tcjii^of  Selenium  Rectifiers  and  self-generating 


I  <  K  E  R  S  Incorporoted 
2160  fAST  IMPIRIAL  HIGHWAY  •  IL  SIGUNDO,  CALIFORNIA 

EXPORT:  Froior  6  Honxn,  ltd.,  301  Cloy  St.,  Son  Froncitco  II,  Calif, 
Conoda:  Powertronic  Equipment  ltd.,  494  King  St.,  E.  Toronto  2,  Conoda 


AfTiliote  of 


PHOTOELECTRIC  CELLS 
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Express  is  the  fastest  possible  way  to  get  the  supplies  and 
equipment  you  need.  That’s  because  your  shipments  go  on  every 
flight  of  all  the  Scheduled  Airlines.  No  waiting  around.  And  Air 
Express  packages  are  picked  up  and  delivered  right  to  your  door 
at  no  extra  cost. 

This  speedy  service  helps  your  business  keep  moving  —  lets 
you  serve  your  customers  better.  Coast-to-coast  delivery  overnight 
is  now  routine.  And  with  low  rates,  there’s  profit  for  you  in  Air 
Express.  Use  it  regularly! 


Speafg  Air  Bcpress-Worldfe  lastest  gfiippin^  Method 


•  Low  rates  —  special  pick-up  and  delivery  in  principal  U.  S.  towns  and 
cities  at  no  extra  cost.  •  Moves  on  all  flights  of  all  Scheduled  Airlines. 

•  Air-Rail  between  22,000  off-airline  offices. 

•  Direct  air  service  to  and  from  scores  of  foreign  countries. 

True  cas*  history:  Electric  switches  located  in  Tulsa,  Okla.,  were  Wanted  in 
Newark,  N.  J.,  to  complete  equipment  and  fulfill  contract  date.  21 lb. 
package  picked  up  the  17th  at  5:05  P.M.,  delivered  3:35  A.M..  just  10 
hours  later.  1239  miles.  Air  Express  charge  only  $8.10.  Other  weights, 
any  distance,  similarly  inexpensive  and  fast.  Just  ’phone  your  local  Air 
Express  Division,  Railway  Express  Agency  for  fast  shipping  action. 
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of  pressure,  having  been  shown  by 
Tamm  to  be  related  as 


where  t  and  t,  are  the  currents  at 
pressures  P  and  P#  respectively, 
where,  for  example,  P,  is  the  pres¬ 
sure  at  ground  level  when  the 
sounding  equipment  is  released.  Be¬ 
cause  the  radiosonde  also  measures 
the  pressure,  the  actual  value  of 
potential  gradient  during  flight  can 
be  determined. 


Modified  Radiosonde 


The  squegging  frequency  of  the 
oscillator  is  determined  by  the  re¬ 
sistance-capacitance  combination  in 
the  grid  circuit,  or  by  the  voltage 
drop  developed  across  the  resistor 
by  bias  battery  P  and  the  point  dis¬ 
charge  current  from  the  collectors. 
The  switch  S  introduced  an  addi¬ 
tional  resistance-capacitance  net¬ 
work  into  the  oscillator  which,  with 
a  cyclic  introduction  of  resistance 
R,  served  to  produce  a  coded  se¬ 
quence  of  frequency  changes  de¬ 
pendent  on  the  barometer  switch. 
Thus,  it  was  possible  to  determine 
both  the  pressure  and  the  vertical 
course  of  the  balloon. 

Two  collectors  with  points 
oriented  in  opposition  were  con¬ 
nected,  with  the  radiosonde  mid¬ 
way  between  them,  by  a  30-gage 
wire  wrapped  about  a  hemp  string 
for  strength.  The  length  of  this 
wire,  that  is,  the  vertical  distance 
between  collectors,  was  nine  half 
wavelengths  of  the  radiosonde  car¬ 
rier,  corresponding  to  64  feet  The 
upper  collector  was  fastened  10  feet 
below  a  neoprene  balloon  that  car¬ 
ried  the  entire  equipment  aloft.  The 
transmitting  antenna  consisted  of 
a  half-wave  dipole  fastened  parallel 
to  the  collector  wires,  but  separated 
from  them  by  standoff  insulators  of 
cork  (for  lightness)  impregnated 
in  polystyrene  solution. 

Figure  3  shows  a  typical  record 
obtained  by  releasing  the  apparatus 
beneath  a  cumulo-nimbus  cloud 
with  fracto-stratus  formation  be¬ 
low.  The  curve  shows  the  potential 
gradient  variations  with  altitude, 
beginning  at  the  ground  with  4 
v/cm  positive;  that  is,  downward. 
The  curve  is  actually  smoothed 
from  the  data,  there  being  fluctua¬ 
tion  probably  caused  by  variations 
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Surpreiuuit’s  injPraved  SPIRALON  is  just  tkat ! 
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tough  under  temperature  extremes,  SPIRALON  is 
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parent  Dupont  nylon  fo  further  preserve  every 
electrical  property  and  redst  oik,  dilute  acids,  alkalies, 
abrasion  and  fungus  attack.  APPROVED  UNDER 
SPECmCATION  JAN-076  Type  WL,  SPIRALON 
can*t  fray,  crack  or  rot— —and  offers  a  higher  rupture 
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types  and  shtes- — or  carefully  manufactured  to  your 
moat  eaactiag  specifications. 

'Investigate  SPIRALON  today!  Write  Dept.  F, 
Surprenant  Mfg.  Co.,  199  Washington  St.,  Boston  7, 
Mass.,  for  technical  data  and  samples. 
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VOLTS  PER  CENTIMETER 


FIG.  3 — ^BacoiJ  of  potonticd  gradient  Toii- 
otioDi  with  altitude 
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control  is  always  within  easy  reach.  Modern  materials  and 
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reproduction. 
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Ctmadim  Dhtrimlon 
Addison  Industrios,  Ltd.,  Toronto 
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ELECTRO-ACOUSTIC  DIVISION 


TELEX  PARK 
Minneapolis.  Minn. 


in  the  state  of,  ionization  with  alti¬ 
tude  and  humidity  variations. 

The  method  is  applicable  to  many 
problems  relating  to  potential 
gradient  measurement.  With  a 
greater  separation  between  col¬ 
lectors,  measurements  could  be 
made  in  clear  weather.  The  radio¬ 
sonde  could  be  modified  to  include 
measurement  of  humidity  and  tem¬ 
perature,  thus  making  it  possible  to 
obtain  reliable  quantitative  data  on 
potential  variation.  The  author  is 
indebted  to  Dr.  K.  Kreielsheimer 
for  his  valuable  assistance. 

Electromagnetic  Amplifiers 

Magnetic  amplifiers  and  saturable 
core  reactors  can  be  advantageously 
used  instead  of  electronic  tubes, 
especially  in  industrial  control.  De¬ 
sign  and  application  of  these  and 
other  nonlinear  circuit  elements  de¬ 
pend  on  an  understanding  of  both 
electric  and  magnetic  circuit  funda¬ 
mentals.  A  bibliography  of  articles 
providing  such  a  background  con¬ 
cludes  this  discussion.  The  listings 
were  suggested  by  readers  in  re¬ 
sponse  to  the  partial  bibliography 
published  with  the  recent  article  on 
magnetic  amplifiers  (Electronics, 
p  124,  Sept  1947). 

Constant-Current  Supply 

Basic  operation  of  a  magnetic 
amplifier,  such  as  the  one  illus¬ 
trated  below,  is  shown  by  the  con¬ 
stant-current  supply  circuit.  Power 
from  a  source  subject  to  unwanted 
variations  is  delivered  at  constant 
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I  control  ■•▼•ml  watta  output  (McGraw-Hill 
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current  to  a  load.  If  direct  current 
is  required  at  the  load,  it  is  obtained 
by  the  rectifier  bridge  as  shown. 

If  the  load  requires  alternating  cur¬ 
rent,  the  rectifier  bridge  is  omitted 
and  direct  connections  made  to  the 
load  as  shown  by  the  dashed  lines. 

The  magnetic  control  consists  of 
twin  saturable  reactors  of  sharply 
nonlinear  voltage-current  char¬ 
acteristics.  By  means  of  auxiliary 
windings  excited  from  a  control¬ 
lable  d-c,  these  reactors  can  be 
biased  to  saturation  or  above.  The 
reactors  then  have  the  character¬ 
istic  of  drawing  a  current  from  the 
power  source  (a-c)  the  average 
value  of  which  is  directly  propor¬ 
tional  to  the  control  current  (d-c). 
Thus,  only  changes  in  the  control 
circuit  can  produce  changes  in  the 
I  output  current  of  the  reactors.  Any 
change  in  the  power  supply  voltage 
is  counteracted  by  a  change  in  the 
voltage  absorbed  by  the  reactors.  | 
According  to  the  design  of  the  mag¬ 
netic  circuit,  any  output  wave  shape 
from  sharp  peaks  to  fiat  tops  can 
be  obtained,  the  latter  being  used  if 
the  output  is  to  be  converted  to  d-c. 

Representative  performance  of 
such  a  magnetic  control  designed 
for  a  full  rated  output  of  2.5  watts 
with  0  to  20  ma  d-c  control  is  0  to  1 
amp  a-c  or  d-c  output  for  an  input 
of  4.5  volts.  A  33-percent  variation 
of  input  power  voltage  is  reduced 
by  the  control  to  a  1.5  percent  varia¬ 
tion  of  full  rated  current  output. 
The  magnetic  control  is  comparable 
to  a  triode,  the  control  windings 
corresponding  to  the  grid,  with  the 
power  supply,  a-c  windings,  and 
load  corresponding  to  the  plate  cir¬ 
cuit.  However,  the  magnetic  cir¬ 
cuit  is  a  current  device,  directly 
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Magnettc  ampliiier  U  usually  uswd  for 
raqulotion  or  control 

analogous  to  the  d-c  magnetron 
whereas  the  triode  is  a  voltage 
device. 

Magnetic  Amplifier  Design 

Although  the  change  of  induct¬ 
ance  with  core  saturation  provides 
a  qualitative  understanding  of  the 
operation  of  magnetic  amplifiers, 
the  changing  inductance  during  a 
cycle  of  operation  and  the  instan¬ 
taneous  energy  exchanges  must  be 
analysed  if  a  quantative  design  is 
to  be  made.  Amplifiers  so  designed 
provide  power  gains  of  from  1,000 
to  100,000  per  stage,  and  have  re¬ 
sponse  times  from  a  second  to  a 
small  fraction  thereof,  depending  on 
the  inductance  of  the  control  wind¬ 
ings.  Although  most  amplifiers  are 
designed  for  operation  at  com¬ 
mercial  power  frequencies,  they  are 
more  compact  and  faster  if  designed 
to  use  higher  (400  cps)  frequencies. 

The  basic  amplifier  element  is  a 
high-permeability  core  on  which 
are  several  windings.  In  operation, 
the  a-c  output  of  such  an  amplifier  is 
peaked  on  one  half  cycle  and  flat¬ 
tened  on  the  other.  With  two  re¬ 
actors  in  series  opposition,  the  out¬ 
put  will  be  symmetrical.  For  self 
excitation,  the  a-c  flowing  in  the 
load  of  the  amplifier  can  be  rectified 
and  applied  to  the  control  winding. 
Under  such  conditions,  auxiliary  d-c 
bias  can  be  used  to  shift  operation 
to  the  desired  portion  of  the  hys¬ 
teresis  characteristic,  or  the  self 
excitation  can  be  treated  as  positive 
feedback  to  increase  the  amplifica¬ 
tion,  or  as  negative  feedback  to  in¬ 
crease  the  stability.  If  sufficient 
positive  feedback  is  introduced,  the 
amplifier  will  have  a  region  of  in¬ 
stability  in  which  the  gain  is  very 
high,  giving  trigger  action. 

Because  the  magnetic  amplifier  is 
a  power-operated  device,  the  imped¬ 
ance  of  the  signal  (control)  source 
should  match  that  of  the  control 
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windinsr  for  optimum  performance. 
Likewise,  the  load  should  be 
matched  to  the  amplifier.  The  load 
amplifier  can  be  matched  to  the 
power  source  by  a  conventional 
transformer,  which  can  be  built  as 
part  of  the  electromagnetic  circuit. 
One  of  the  great  advantages  of  the 
magnetic  amplifier,  in  addition  to 
its  ruggedness,  is  the  complete  iso¬ 
lation  of  input  and  output  circuits. 
Greatest  amplification  can  be  ob¬ 
tained  with  resistive  loads.  If  de¬ 
sired,  two  amplifiers  can  be  con¬ 
nected  in  push-pull  to  give  zero  load 
current  at  zero  control  signal.  Re¬ 
sponse  time  of  magnetic  amplifiers 
can  be  shortened  by  incorporating 
first  differential  positive  feedback. 
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Imperial  Tracing  Cloth.  But  it  is  disting¬ 
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•APPLICATION  of  radar  to  harbor 
<  raft  enabled  the  New  Haven  Rail- 
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iHiS  IS  THE 
transform 
design 


.  .  .  THAT  GUARANTEES 

FINEST  PERFORMANCE 


This  is  one  of  the  basic  Acme  Electric  transformer  designs  that 
has  the  mechanical  features  and  basic  physical  appearance  to 
provide  for  better  than  average  performance.  End  bells  protect 
coils  from  accidental  damage.  Leads  may  be  brought  out  through 
bottom,  front,  sides  or  top  to  meet  the  requirements  of  the  instal¬ 
lation.  Available  in  ratings  from  35  VA  to  500  VA.  Send  speci¬ 
fications  to  Acme  Electric  transformer  engineers  and  enjoy  the 
cooperation  that  has  enabled  manufacturers  of  electronic  and 
radio  products  to  improve  performance  through  better  trans¬ 
former  design.  Bulletin  168  gives  all  details. 
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12-inch  ppi.  Without  this  radar 
facility  the  tug  would  be  hampered 
five  or  six  days  a  month  during  the 
winter.  About  50  railroad  tugs 
move  over  3,000  cars  on  fioats  daily 
in  the  New  York  vicinity. 


Ionization  Electrometer 


At  printed  on  p  182,  Not  1947,  the  grid 
resistor  oi  this  Zeus  ionization  chamber 
electrometer  circuit  was  omitted;  the  cir¬ 
cuit  here  is  correct 
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in  oir-conditioning  control  for 
aircraft,  BARBER-COLMAN 
chooses  compact, 
dependable 


It  takes  a  good  relay  to  meet  the  exact- 
ing  requirements  of  aircraft  service,  with 
its  extremes  of  temperature,  high  degree 
V  .  of  Vibration,  difficult  service  conditions, 
and  the  necessity  for  complete  reliability. 
Barber-Colman  Company,  a  leading 
manufacturer  of  temperature  and  air- 
,  conditioning  control  systems  for  aircraft, 
■  *  sel^ted  Phil.trolType-27  Relays  for  one 
;  of  their  more  comprehensive  units,  as 
'  illustrated  above.  The  18  relays  mounted 
under  the  chassis  of  the  ATR-type  con¬ 
trol  unit  serve  such  purposes  as  emer¬ 
gency  throw-over,  emergency  cut-out. 


hold-in,  heater  cycling,  and  the  actua¬ 
tion  of  condenser  fan's,  evaporators, 
and  compressors  on  the  air  condition¬ 
ing  system. 

This  is  but  one  striking  example  of 
dependable  Phil-trol  application. 

There  is  a  complete  line  of  Phil-trol 
Relays  to  meet  the  exacting  demands  of 
electronic  and  industrial  control,  signal 
and  traffic  control,  radio  communication, 
aircraft  and  other  applications.  Our  en¬ 
gineers,  located  in  principal  cities  listed 
below,  will  be  glad  to  discuss  your 
relay  requirements. 


Rtuys, 

Actuators, 

Soltiioidt,  Contactors,  Startinc  Switches,  Focus  Coils 
Ion  Traps  and  Spodal  Process  Control  Assemblies. 


Send  ^ 

Ih*  new  PhiMrol 
Kelnv  cntal*9  show- 
ins  *h«  cnmpintn  linn. 


PHILLIPS  CONTROL  .CORPORATION,  612  N.  Michigan  Avenue,  Chicago  11,  Illinois 


PlANTi  JnlM,  lUinnit  a  SALfS  OFFICfS:  New  York,  lotlnn,  PhiloMphia, 
Buffoln,  Onvnleml,  ChnrInWe,  Si.  Lnwit,  Kansas  CMy,  Los  Angalas,  Toronia 
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Railroad  tug  uses  radar  to  assure  contluu 
ous  operation  regardless  oi  weather  Radar 
indicator  shows  locotion  of  familiar  land¬ 
marks  and  harbor  traffic 


road’s  tug  “Transfer  No.  21”  to 
operate  when  all  other  New  York 
Harbor  shipping  was  at  a  standstill, 
Oct.  16-17.  Using  the  new  Sjierry 
Gyroscope  surface  search  radar  on 
the  one-mile  range  scale,  buoys  as 
close  as  45  yards  are  visable  on  the 


PREPARING  SPECIAL  CRYSTAL  BLANKS  FOR  MOUNTING 


REEVE5-HOFFMAN 


CORPORATION 


mil:. 


FLEXIBILITY 


FOR  FABRICATION  OF  SPECIAL 

CRYSTAL  UNITS 


jiA;  zOiiA, 
APPROXIMATE 
RESISTANCE: 
3,000  OHMS 


R:  10'*-  OHMS  MAX 


NEW  PRODUCTS 

(continued  from  poge  142) 


Co.,  N.  Y.  A  new  line  of  profes¬ 
sional  recording  and  transcription 
equipment  includes  a  record  lift  to 
aid  in  cueing,  the  Model  300  tran¬ 
scription  turntable,  a  recording 
drive,  and  the  groove  indicator 
Model  151A  illustrated.  This  indi¬ 
cator  allows  the  operator  to  locate 
a  preselected  word  or  sound  on  a 
record  instantly. 

Midget  I-F  (14) 

Stanwyck  Winding  Co.,  102  South 
Landers  St.,  Newburgh,  N.  Y.  Type 
SM-107  455-kc  i-f  transformers  use 
Formex  wire  wound  on  powdered- 


iron  cores.  They  are  mounted  in  a 
•4 -inch  square  can  18  inches  high. 
Performance  data  can  be  obtained 
from  the  manufacturer. 

Radioactive  Sampler  d*'’) 

Tracerlab,  Inc.,  55  Oliver  St.,  Bos¬ 
ton,  Mass.  Type  SC-9A  lead-shielded 


GEIGER-MULLER  LABORATORY 


COUNTIHG  RATE  METER 


MODEL  -  RM4 

A  COMBINED  COUNTING 


RATE  METER  AND 


COUNTER  SET 


Direct  reading 
counting  rate  meter  with 
FOUR  full  scale  ranges 
of  5,50,500  and  5000 
pulses  per  second. 

Provision  for  connection  of  external 
5  m.  a.  recording  milliameter.  Recorder  circuit  for 
Operation  of  impulse  register  (recording  clock).  Regulated 
high  voltage  power  supply  for  counter  tube.  Built* in  loud¬ 
speaker  for  aural  monitoring.  Pulse  equalizing  and  sharpening 
stages.  Operates  with  self-quenching  OR  non-self-quenching 
counter  tubes.  Provision  for  connecting  scaling  circuit, 
impulse  register,  oscilloscope,  recording  milliameter  and 
calibrating  input  signal.  Price  only  $350  less  counter  tubes 
and  recording  clock.  For  complete  description  send  for 
Bulletin  No.  471. 


HIGH  SPEED  GEIGER-MULLER 
LABORARORY  SET 


MODEL  LS64 

CHECK  THESE 
OUTSTANDING 
FEATURES: 


All  of  the  newest  circuits 
— simplified  and  modern¬ 
ized —  reliable  and  fool¬ 
proof.  Uses  the  famous 
Higinbotham  Scaling 
Circuit — SCALE  OF  64  (Used  under  license  agreement  with  U.  S. 
Atomic  Energy  Commission).  Build-in  recorder  clock  of  zero  reset 
type — counts  up  to  9999  before  recycling.  Regulated  high  voltage 
power  supply  for  counter  tube,  with  front  panel  voltmeter.  Suitable 
for  use  with  self-quenching  or  non-self-quenching  counter  tube.  Bank 
of  neon  indicator  lamps  for  interpolation  of  count  and  indication  of 
proper  scaler  operation.  Small,  compact,  light  in  weight — constructed 
completely  on  one  13”xl7’’  chassis  with  rack  type  front  panel. 

PRICE  OI^Y  $360.00  complete  with  tubes  and  built-in  recording 
clock.  Send  for  Descriptive  Bulletin  No.  472. 


1920  LINCOLN-LIBERTY  BLDG. 

PHILADELPHIA  7,  PENNA. 
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KRUM[NT  CO 

AVENUE 
3  OHIO 


A  triumvirate  of  quality 
components  to  exact  the  utmost 
in  performance  from  many  new 
and  unique  circuit  requirements 

Subminiature  vacuum  tubes 
Hi -megohm  resistors 
Mica  window  counter  tubes 

Particularly  adaptable  to  all  types 
of  radiation  instrumentation 


e  Subminiature  electrometer  vacuum  tubes  of  the  VX  series  have  received  remark¬ 
able  acceptance  for  their  performance  in  DC  amplifiers  and  other  circuit  require¬ 
ments  where  filament  current  of  10  ma.  and  grid  resistance  of  10^^  ohms  are 
advantageous.  In  like  manner  the  new  VXR  130  subminiature  gaseous  voltage 
regulator  supplies  space  conservation  with  unusually  stable  voltage  regulation. 
Write  for  technical  data  sheets. 


#  Where  quality  resistors  are  required  in  a  range  of  100  to  10,000,000  megohms,  the 
Victoreen  hi-megs,  vacuum  sealed  in  glass  with  special  surface  treatment  are  the 
answer  to  the  special  circuit  requirements  of  the  electronic  engineer  and  the 
instrument  maker,  to  make  fine  instruments  finer. 


#  The  consistently  uniform  characteristics  of  the  VG  series  mica  window  Geiger 
counter  tubes  are  well  established  in  government  and  industrial  research  labora¬ 
tories.  Available  in  window  thicknesses  from  2.0  to  4.5  mgms  per  square  cm.  with 
plateau  length  200  volts  minimum  and  plateau  slope  less  than  five  per  cent  per 
100  volts.  Individually  tested  and  aged  to  preclude  leakage. 


Radiation  instruments  at  their  finest 

#  Including  the  universally  used  portable  263A  Beta  and  Gamma  survey  — eter,  the 
new  uniquely  designed  portable  247A  gamma  radiation  meter  with  its  hermeti.:ally 
sealed  ionization  chamber  and  four  ranges  of  sensitivity  for  use  where  stobii:ty 
and  ruggedness  are  imperative,  the  287  Minometer  with  calibrated  pocket  chambeis 
and  many  other  instruments  to  cover  the  entire  range  of  radiation  measurement  for 
nuclear  determinations.  All  instruments  are  designed  to  toke  full  advantage  of 
the  feotures  of  the  components  listed  abov* 
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NEW  PRODUCTS  (continiMd) 

sample  changer  and  preamplifier 
provides  a  means  of  fast,  accurate 
counting  of  a  large  number  of  radio¬ 
active  samples.  Provision  is  made 
for  mounting  calibrated  foil  absorb¬ 
ers  between  sample  and  Geiger  tube. 


Volt-Ohm-Milliammeter  (16) 

Electronic  Measurements  Corp., 
423  Broorfie  St.,  New  York,  N.  Y. 
The  Volometer  Model  120  has  an 
alternating  voltage  sensitivity  of 


10,000  ohms  per  volt  and  a  resist¬ 
ance  range  from  0.2  ohm  to  300 
megohms.  Accurate  to  1  percent 
up  to  1  megacycle,  the  new  unit 
uses  an  easily  replaced  battery. 


Ignition  Analyzer  (17) 

Bendix-Scintilla  (k).,  Sidney, 
N.  Y.  The  electronic  Ignition  Ana¬ 
lyzer  gives  a  cathode-ray-tube  indi¬ 
cation  of  faults  in  ignition  systems 
and  permits  a  quick  check  on  igni¬ 
tion  adjustments.  Fully  portable, 
it  operates  on  115  volts  60  to  400 
cycles. 


Small  Loudspeakers  (18) 

Wm.  J.  Murdock  Co.,  158  Carter 
St.,  Chelsea  50,  Mass.  Type  L301 
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S-inch  and  L<401  4>inch  permanent- 
magnet  loudspeakers  for  original 
and  replacement  use  use  1.47-ounce 
Alnico  V  magnets,  RMA-standard 
3.2-ohm  voice  coils,  and  preformed 
cones.  Special  impedance  values 
are  also  available  for  intercommuni¬ 
cation  applications. 


Choke  (19) 

J.  W.  Newton  Ck).,  Inc.,  234  Sev¬ 
enth  Ave.,  New  York  11,  N.  Y.  The 
type  23  choke  is  a  small  inductor 
for  use  in  midget  microphones, 
hearing  aids,  and  similar  applica¬ 
tions.  With  a  maximum  current 


carrying  capacity  of  2  ma,  the  unit 
has  an  inductance  of  16  henrys  at 
0.5  ma  d-c,  but  can  be  furnished  up 
to  70  henrys.  Weight  of  the  choke 
illustrated  is  i  ounce. 


Wow  Meter  (20) 

Furst  Electronics,  800  W.  North 
Ave.,  Chicago  22,  Ill.  Model  115 
is  a  direct  indicating  instrument 
for  the  measurement  of  variations 
and  fluctuations  of  the  speed  of 
phonograph  turntables  and  similar 
mechanical  or  optical  equipment. 
Described  at  length  in  a  technical 
bulletin,  the  device  is  adaptable  to 
auxiliary  apparatus  such  as  direct- 
inking  oscillograph  or  a  vibration 
analyzer. 


Build-Up  Terminal  Block (21) 

Curtis  Development  &  Mfg.  Co., 
1  North  Crawford  Ave.,  Chicago 
24,  Ill.  The  type  B  terminal  blocks 


Cut  labor  costs  and  increase  efficiency  with 
KESTER  CORED  SOLDERS.  Their  uni¬ 
formity,  dependability  and  pureness  assures 
you  of  the  utmost  speed  in  every  type  of 
soldering  operation. 

Use  Kester  Rosin-C)ore  solder  for  all  elec¬ 
trical  work.  It’s  Rosin  flux  will  neither  cause 
corrosion  nor  injure  insulation.  Be  sure  with 
Kester. 


It's  „ 


AAAAAAA  AAAA 


♦♦♦♦♦♦? 


KISTIR  SOLOIR  COMRANV 

4201  Wrighlwood  Avanw*,  Chicago  39,  lllinoii 
lunt:  NKwaMN.  mcw  jtnumr  .  c*n*oi«()  -lant:  OMANTroa 
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illustrated  can  be  built  up  in  the 
desired  number  of  units  from  1  to 
14.  They  are  sold  in  kit  form  and 
are  described  in  Bulletin  DS-118- 


Master  Tester  (22) 

Precision  Apparatus  Ck>.,  Inc.,  92- 
27  Horace  Harding  Blvd.,  Elm¬ 
hurst,  L.  L,  N.  Y.  Series  10-20 
Test  Master  is  a  dynamic  type  tube 


Improved  Attenuator  (23) 

Daven  Co.,  191  Central  Ave., 
Newark,  N.  J.  A  one-piece  molded 
terminal  board  with  tinned  brass 
lugs  is  now  included  as  a  standard 
feature  of  the  company’s  line  of 
controls. 


Test  Meter  (24) 

Triplett  Electrical  Instrument 
Co.,  Bluff  ton,  Ohio.  Model  2450  volt- 
ohm-milliammeter  has  a  high  input 
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tester  that  accommodates  12  ele¬ 
ments  and  can  be  used  for  all  stand¬ 
ard  receiving  and  low  power  trans¬ 
mitting  tubes  including  acorns, 
Noval  9-pins,  and  dual-capped  high- 
frequency  amplifiers.  A  new  1948 
catalog  describes  this  as  well  as 
other  equipment. 


Y^LEnSION 
I W  mOUSTRIES 


This  Sensotionol  Picture  IF  &  Sound  IF  Strip  developed  by 
our  engineering  staff  ond  enables  you  to  build  o 
15"  -  20"  Direct  View  or  Projection  Type  Receiver  with 
FM  Sound  Supplied  with  o  13  Channel  RF  Front  End  Unit 

PICTURE  IF  &  SOUND  IF  STRIP 


PATENTS  PENDING 

Chassis 

Sise 

4yr  X 13"  X  5" 


1.  PICTURE  IF  STAGES 

fits  ptcUue  IF  stages  of  am¬ 
plification  and  second  detector 

2.  SOUND  IF  STAGES 

Two  IF  stoges  with  limiter  and 
discriminator 

3.  VIDEO  STAGES 

Two  stages  of  Video  with  a  fre- 
quencT  response  of  4.5  mc/s 

4.  ONE  D.C.  RESTORER 

5.  IF  FREQUENCY 

Audio  21.25— Picture  25.75 


BOTTOM 

VflW 


6.  TUBES 

5— €16— Picture  IF  Amplifier 

1— 6J6 — ^Picture  IF  Amplifier  & 
Detector 

1— 6AU6— 1st  Video  Amplifier 
1 — 6K6gt— tod  Video  Amplifier 
1—6AU6— Limiter 
1— 6AL5 — D.C  Restorer 

1 —  6AL5— Discriminotor 

2—  6BA6— Sound  IF  Amplifier 


Picture  IF  Bond  Width  4.5  mc/s 

e  Ail  Hie  Above  Circuits  end  tubes  ore  contained  on  1  chossis.  *  Front  End 
Uniton  separate  chossis.* Both  Pkrure  IF  &  Sound  IF  delivered  completely 
wired,  tested,  tubed,  ond  matchad  ready  for  use. 


FRONT  END 


The  Front  End  covers  channels 
from  44  to  88  mc/s  and  174  to 
216  mc/s  (13  channels).  Matched 
antenna  input  for  300  ohm  line. 
Tubes:  1-6J6  RF  Amplifier  1-616 
Converter  1-616  Oscillator 

'"<■  5119-50 

DEALERS  NET 


Contact  Us  for  your  Local  Distributor 


^ELEVIjSION 

&  Industries 


540  BUSHWICK  AVE. 
BROOKLYN  6,  N.  Y. 


new  products 


(continutd) 


impedance,  d-c  range  up  to  1,000 
volts  and  a-c  up  to  5,000  volts.  Re¬ 
sistance  can  be  measured  to  1,000 
megohms.  A  cathode  follower  cir¬ 
cuit  is  used  at  the  input.  Power 
supply  is  regulated. 


TUNED-RIBBON  Plek- 
ap  modd  SA-79 
(Aettud  SiM» — Special 
SlUDlO^um  not  shown) 


•  A  model  for  every 
purpose 


Jewel  Stylus  EASILY 
REPLACED  BY  USER 


ADMIRABLY  this  revolutionary  NEW  line  by  Audax 
bears  out  the  business  maxim: — 


LOOK  TO  THE  LEADER  FOR  LEADERSHIP' 


*  Because  a  “permanent>point” — be  it  diamond,  sapphire  or  melal  — 
will  maintain  its  original  shape  for  only  a  limited  nnm^r  of  plays,  after 
which  it  progressively  erodes  the  record  grooves,  the  importance  of  being 
able  to  replace  it  has  always  been  of  primary  consideration.  Heretofore 
such  replaceability  entailed  severe  penalties  in  range,  compliance  and 
point-pressure.  Most  of  the  TUNED-RIBBON  models  provide  the  all- 
important  replaceability  without  those  penalties. 

KPECTFICATIONS  Tl  NED-RIBRON  .SA-7» 

•  Vibratory  Momentum — very  low 

•  Quick  plug-in  connectors 

•  Arm  is  aluminum.  Special  Studio 
Design,  Tangent-Tracking,  ball- 
thrust  and  pivot-point  bearings 

to  500  in  gimbal  mounting— oliminat- 
ing  side  thrust  and  drag. 

Technicians  listening  to  the  incomparable  reproduction  of  TINNED-RIB¬ 
BON  have  been  startled  at  the  realism  .  .  .  proving  anew  Al'DAX  right 
to  the  slogan ; — 

*^Th«  Standard  by  Which  Oihcrtt  Arcdndycd  and  Valued' 

Yea,  Audax  TV^ED-RIBBO^  han  pul  some' 
thing  into  reproduced  music  that  teas  not  there 
before  .  .  .  let  YOUR  ears  he  the  final  judge. 


•  Linear  50  eye.  to  over  10  k.e. 

•  Point  Pressure— about  24  grams 

•  Genuine  Sapphire  Stvlus — 
EASILY  REPLACED  BY  USER 

•  Output — about  — 30  db 

•  Impedance — 200  ohms 
ohms 


Industrial  Rectifier  (25) 

National  Electronics,  Inc.,  Ge¬ 
neva,  Ill.,  Type  NLi-604  full-wave 
rectifier  tube  has  a  quick  heating 
filament.  It  is  rated  for  250  volts 
output  at  2.5  amperes  d-c.  A  gas 
and  mercury  filling  gives  quick 
starting  over  a  broad  temperature 
range.  The  tube  has  been  designed 
for  electronic  motor  control  cir¬ 
cuits. 


SEND  FOR  COMPLIMENTARY  PAMPHLET  ON  THIS  VITAL  SUBJECT 


AlIDAK  COMPAIVY 


Wire  Recording  Heads  (26) 

Shure  Brothers,  Inc.,  226  W. 
Huron  St.,  Chicago  10,  Ill.  Type 


500  Fifth  Avenue  New  York  18 

CREATORS  OF  FINE  ELECTRO-ACOUSTICAL  APPARATUS  SINCE  1915 
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INDISPtNSABlt  TOR 

B,dodcos.  S.o.ion  Mon.lor.ng 
High  Fidelity  Rodio-Phonogropht 
Electronic  Musicol  Instromenti 
(Organs  etc.) 

High  Quolity  Sound  Reinforcement 
Systems 

Wired  Music  Installations 

^search.  Test  Work,  Demonstrations  of 

Wide  Range  Reproduction 


BROCINER 


NEW  PftODUCTS 


I  precision- 

fabric®*®" 


A  BASK  Improvement 
in  Sonnd  Reprodnction 


SPEAKER  SYSTEM 


FREQUENCY  RANGE 


WR16  wire  recording  head  illus¬ 
trated  is  one  of  three  types  avail¬ 
able  for  recording  and  playback. 


PERFORMANCE  •guivolent  to 
coHVontionolly  d  1 1  i  g  n  •  d 
tpeoken  S  to  16  times  os 
bvlky.  Sofocted  by  Major 
C.  H.  Armstrong  for  his  two 
most  important  domonstra- 
tions  of  fM  before  tho  I.T.C. 
and  NJk.B.  conventions. 


Audio  Recorder  (27) 

Sound  Apparatus  Co.,  233  Broad¬ 
way,  New  York  7,  N.  Y.  Model 
FR-1  frequency  response  recorder 
used  in  audio  measurements  is  now 
available  for  rack  mounting.  The 
device  has  two  motors,  one  or  two 


You  can't  go  wrong  when  you 
depend  on  Sillcocks-Miller  for 
plastic  dials.  These  experienced 
engineers  are  recognized 
throughout  the  industry  for  their 
ability  to  fabricate  plastic  ma¬ 
terials  to  close  tolerances.  The 
combination  of  this  skill  and 
complete  production  facilities 
provides  a  dependable  source  for 
the  quality  and  service  you  want 
—  at  a  price  that's  right. 

Write  for  illustrated  booklet  or 
phone  South  Orange  2-6171  for 
quick  action. 


Th*  KlIPSCH  Speaker  Syttem  deiign  utilites  the 
comer  of  o  room  at  an  integral  part  of  the  acoustic 
tystom,  the  walls  and  floor  being  in  effect  an  ex* 
tension  of  the  low  frequency  horn 


paper  speeds  as  desired,  and  pro¬ 
vision  for  mechanical  linkage  to 
the  oscillator  used  in  making  the 
measurements. 


•  FUNDAMENTAL  TONES  down  to 
30  cycles  per  second. 

•  CMtEAN  EESFONSE  throughout  the 

range  of  hearing. 

•  LOW  DM8TOBTMON  and  intermodu- 
iotion  at  oil  frequencies. 

•  FEBFECT  DISPEBSION  of  middle 
and  high  frequencies  throughout  the  entire  room 

•  NEON  EFFMCMENCT s  Because  ot  the 
horn  loading,  acoustic  output  for  a  given  input 
power  is  several  times  that  af  conventional 
speakers. 

•  N0N‘EE80NANT:  BASS  TONES 
ABE  BEPBODUCED  ~  not  generated 
by  the  speaker.  Instruments  of  low  pitch  ore 
clearly  recognized;  one  hears  the  original  tone 
—  not  one  created  by  the  loudspeaker 


Cueing  Attenuators  (28) 

Shallcross  Mfg.  Co.,  Collingsdale, 
Pa.  A  new  line  of  attenuators  has 
a  special  switching  mechanism  to 
transfer  input  to  a  pair  of  separate 
output  terminals  for  cueing.  Any 
standard  ladder,  bridged-T, 
straight-T,  or  potentiometer  can  be 
thus  equipped.  The  cueing  position 
is  at  the  extreme  counterclockwise 
end  following  the  off  position. 


Pulse  Generator  (29) 

Electrodyne  Co.,  899  Boylston  St., 
Boston  15,  Mass.  Model  471  pulse 
generator  produces  rectangular 
pulses  at  rates  from  0.5  to  1,000  cps 
with  internal  trigger.  An  external 
positive  trigger  of  20  volts  can  also 


WKITE  rOR  rULL  PARTICULARS  TO 


10  VmI  Forkw  Amn.  Bgglwml  R  L 
SalllH  Mnm  SmO  Oiwifik  A  i 


gsiOMim 
riAOTieo  I 
VtCNMiCAi 
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shorts,  and  by  means  of  a  cathode- 
ray  oscilloscope  that  can  be  at¬ 
tached,  the  life  expectancy  of  the 
tube  under  test. 
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GET  DETAILS  IN  THIS  FLEXIBLE  SHAFT  HANDBOOK 
260  pages  of  facts  and  technical  data  about  flexible 
shafts  and  how  to  apply  them.  Copy  sent  free  if  you 
write  for  it  on  your  business  letterhead  and  mention 
your  position. 


S.X  iiunnsTDiAL 

THE  S.  S.  WHITE  DENTAL  MrO.  CO.  # fW  DIVISION 

-  --  -B»»T  E  10  EAST  Goth  ST.,  NEW  TORK  I*.  N.  r._ 

HIXEMB  tM*m  •  fUKIMI  tNAff  lOOlS  •  AltCKA»f  ACCfSSOtKt 
M  M  MIA4I  CVyTIlM  AN*  MtNPIWO  fOOit  •  SPfClAi  fOtMVlA 

»08»m  Miinoii  •  fiAsnc  vkiaitio  •  coNttACV  fiAtncs  nqrdiwq 


Welding  Tube  Tester  ^30) 


SiERBA  Electronic  Corp.,  San  Car¬ 
los,  Calif.  A  new  tester  designed 
specifically  for  welding  control 
tubes  indicates  emission,  internal 


Cook  Electric  Co.,  Chicago  14,  Ill. 
Type  Hy-G  400-cycle  relay  has  been 
designed  for  stable  operation  under 
accelerations  as  high  as  30  g.  Prac¬ 
tically  any  spring  combination  can 
be  obtained  and  the  whole  assembly 
can  be  supplied  in  a  hermetically 


Fortunately,  there's  a  simple  way  to  meet  all  these  require¬ 
ments — useS.S.White  flexible  shafts  as  connecting  links 
between  the  elements  and  their  controls.  From  the 
sketch  above  you  can  appreciate  that  with  this  arrange¬ 
ment  you  can  place  both  the  elements  and  the  controls 
anywhere  you  want  them.  S.S.White  offers  shafts  engi¬ 
neered  just  for  this  service.  They're  as  easy,  smooth  and 
sensitive  in  operation  as  a  direct  connection. 


Aircraft  Relay 


(31) 


Ctie  0^  A  AAA  *^>uUuS%Cai  S"tctft%CAeA 
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be  used.  Pulse  duration  is  adjust¬ 
able  from  25  to  950  microseconds. 
Maximum  amplitude  is  50  volts  in 
10,000  ohms. 


The  placement  of  variable  elements  on  a  circuit  diagram 
presents  no  problem.  You  just  draw  the  conventional 
symbol  for  the  particular  element  where  you  want  it. 


But  in  designing  the  actual  equipment  it's  a  different 
story.  The  elements  must  be  placed  for  optimum  elec¬ 
trical  efficiency  and  easy  assembly  and  wiring — their  con¬ 
trols,  for  operating  convenience  and  harmonious  panel 
arrangement. 


Rod  Cutting 

at  High  Speed 


OnEIL-IRUJin  mFb.co. 


Manufacturers  of  Precision  Electrical  Resistance  Instruments^- 


JERSEY  CITY  7,  N.J 


337  CENTRAL  AVE 


NEW  PRODUCTS  (eontiniiH) 

sealed  container.  A  bulletin  is  avail¬ 
able  giving  detailed  information. 


Electronic  Transcriber  (32) 

Dictaphone  Corp.,  420  Lexington 
Ave.,  New  York  17,  N.  Y.  An  im¬ 
proved  electronic  transcribing  ma¬ 
chine,  model  BE,  for  business  office 
use  has  just  gone  into  production. 


A-M  and  F-M  Tuner  (33) 

Meissner  Mfx:.  Div.,  Mt  Carmel, 
Ill.  Covering  the  a-m  and  high- 
frequency  f-m  bands,  a  new  tuner 
illustrated  is  now  available.  De¬ 
signed  to  work  into  an  audio  system. 


the  frequency  response  of  the  tuner 
is  flat  within  plus  or  minus  2  db 
from  3  to  15,000  cycles. 


Hum  Filter  (34) 

Kalbfell  Laboratorieb,  Inc.,  1076 
Morena  Blvd.,  San  Diego  10,  Calif. 
Model  602-A  bridged-T  hum  filter 


The  units  illustrated  represent  a  coniplete 
redesign  of  our  older  precision  attenuators  for 
laboratory  standards.  Flat  for  all  frequencies  in  the  audio 
range.  Reasonably  flat  to  200  k.c.  up  to  70  db. 
—  ^  Bulletin  sent  on  request. 
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0  really  high-powered 


NEW  PRODUCTS  (conHniiad) 

for  high-impedance  instruments 
such  as  oscillographs  eliminates 
stray  60-cycle  pickup  even  when 
open  leads  are  used.  Filters  can 
also  be  supplied  for  other  fre¬ 
quencies,  such  as  120  cycles.  Price 
is  $8.50. 


Industrial  Socket  (35) 


•o 


••••elally  Mlactad  by  radi*  tpaelalliti  at 
MaGraw-HIII  auMkatloni 

ta  kiva  aett  eonalata.  dapaadabia  aa«- 
arata  at  faeta  naadad  by  all  whaaa  Raida 
ara  iraundad  an  radia  fandamantala 

avallabla  at  a  apaelal  prlea  and  tarna 


American  Phenolic  Corp.,  1830 
South  54th  Ave.,  Chicago*  50,  Ill. 
Type  146-116  electron  tube  socket 
accommodates  tubes  with  the  RMA 


Theaa  booka  oover  circuit  phenomena,  tuba 
theory,  networke.  measurements,  and  other 
subject*— Blva  spsclaltaed  treatments  of  all 
flelda  of  practical  deslsn  and  application.  They 
are  boolu  of  reoomizad  position  In  the  litera¬ 
ture  of  the  field — books  you  will  refer  to  and  be 
referred  to  often.  If  you  are  a  practical 
designer,  researcher  or  engineer  in  any  field 
based  on  radio,  you  need  these  books  for  the 
help  they  give  in  hundreds  of  problems 
throughout  the  whole  field  of  radio  engineering. 


superjumbo  base  as  well  as  411  and 
similar  bases.  Mounting  above  or 
below  a  horizontal  panel  is  possible. 
Contact  resistance  is  less  than  0.001 
ohm  at  25  amperes. 


5  volumes,  2559  pages,  2558  illustrations 

Eastman’s  FUNDAMENTALS  OF 
VACUUM  TUBES,  2nd  Edition 


Radiation  Exposure 
Meter 


(36) 


Terman’s  RADIO  ENGINEERING,  3rd 
edition 

Everitt’s  COMMUNICATION  E  N  G  I  • 
NEERING,  2od  edition 

Hand’s  HIGH  FREQUENCY  MEASURE¬ 
MENTS  1 

Henney’s  RADIO  ENGINEERING  HAND-  1 
BOOK,  3rd  edition 

SPECIAL  LOW  PRICE  •  EASY  TERMS 

Special  price  nnder  thia  offer  lean  than  cost 
of  booka  bought  aeparately.  In  addition,  you 
have  the  privilege  of  paying  in  aaay  inatall- 
menta  beginning  with  13.50  in  10  daya  after 
receipt  of  bopka  and  $5.00  monthly  thereafter. 
Already  theae  booka  are  recognized  aa  atandard 
worka  that  you  are  bound  to  require  sooner  or 
later.  Take  advantage  of  these  convenient 
terms  to  add  them  to  your  library  now. 

FOR  10  DAYS’  EXAMINATION  SEND  THIS 


Instrument  Development  Labs., 
223  West  Erie  St.,  Chicago,  Ill. 
Model  3340  pocket  ionization  cham¬ 


ber  is  similar  in  appearance  to  a 
fountain  pen  and  is  used  by  labor¬ 
atory  operators  working  with  radio¬ 
active  materials  as  a  check  on  their 
exposure. 

Sweep  Oscillator  (37) 


■ON-APPROVAL  COUPON. 


McQRAW-HILL  BOOK  CO..  INC.. 

330  W.  42Rd  Street.  N.Y.C.  10 
Send  me  Badlo  Engineerlnf  Ubrary  for  10  days' 
ezaminatlea  on  approraL  In  10  dan  I  will  send 
33.50  plus  few  eenu  postage,  end  $5.00  monthly 
till  $27.50  U  paid,  or  return  books  postpaid.  (We 
pay  postage  on  otders  accompanied  by  reaiittanoe 
of  first  Installment ) 


1 


I 


Name  .  | 

Addrem  .  j 

• 

City  and  Stau .  • 

t 

• 

Company  .  S 

Position  . L-1-48  | 

For  Canadian  ^oe  write  McOraw-Hlll  Co.  of  • 

Canada  Ltd.,  tl  Biehmond  Street  £.,  Toronto  1  S 


Clough  Brengle  Co.,  6014  Broad¬ 
way,  Chicago  40,  Ill.  The  new  model 
182A  Audiomatic  Generator  has  a 


/  /  /// 


READY! 


IN  A 


WIDE  RANGE 
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SOCKETS 

NOW  you  easily  can  buy 
General  Electric  sockets 
when  you  purchase  G-E  tubes! 
More  convenient  for  you,  of 
course  .  .  .  and  even  greater 
assurance  of  long-term  satis¬ 
faction  from  your  G-E  elec¬ 
tronic-tube  investment. 

Heavy-duty  design  plus  top- 
quality  manufacture  match 
similar  well-known  charac¬ 
teristics  of  G-E  tubes.  And  G-E 
sockets  —  like  tubes —  are 
stocked  widely  in  all  types,  so 
that  same-day  service  is  avail¬ 
able  right  in  your  area. 

See  your  nearest  G-E  elec¬ 
tronics  office  for  full  details. 
Or  write  Electronics  Depart¬ 
ment,  General  ElectricCompany^ 
Schenectady  5,  New  York. 


GENERAL^ELECTRIC 

FIKST  AND  GREATEST  NAME  IN  ELECTRONICS 
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American 
'  Beautii 


AMERICAN  ELECTRICAL 
HEATER  COMPANY 
DETROIT  2,  MICHIGAN 

established  1894 


HEW  PRODUCTS  (continiMd) 

sweep  rate  of  from  6  to  8  seconds 
for  the  semiautomatic  testing  of 
amplifiers,  speakers  and  similar 
equipment  By  sweeping  a  standard 
oscilloscope  a  visual  plot  of  fre¬ 
quency-amplitude  characteristics  is 
presented. 


SILASTIC*  stays  ELASTICI 


Miniature  Selenium 
Rectifiers  (38) 

Radio  Receptor  Co.,  Inc.,  251  West 
19th  St,  New  York  11,  N.  Y.  A 
new  line  of  miniature  selenium  rec¬ 
tifiers  to  replace  rectifier  tubes  in 
a-c  and  d-c  battery  portable  radio 
receivers,  console  radios  and  vi¬ 
brator  supplies  are  now  in  produc¬ 
tion.  Detailed  specifications  are 
available  from  the  manufacturer. 


ELECTRIC 


Jy  that  are  sturdily  built 
!  U  for  the  hard  service  of 
'  K  industrial  usage.  Have 
"U  plug  type  tips  and  are 
*  constructed  on  the  unit 
system,  with  each  vital 
part,  such  as  heating  ele¬ 
ment,  easily  removable  and 
replaceable.  In  5  sizes,  and 
from  SO  watts  to  SSO  watts. 


Silastic  aftar  68  I  Synthatic  organic  rubber 
days  at  300°  F.  I  after  1  day  at  300  °F. 

Wa'vg  b«*n  talking  for  som*  tint*  about  the 
exceptional  stability  of  Silastic,  the  Dow  Com¬ 
ing  SHkone  Rubber.  We've  proved  it  in  many 
applications  where  extremes  of  temperature 
caused  the  most  stable  of  organic  synthetic 
rubbers  to  fail  in  a  few  hours  or  a  few  days. 
But  it's  still  hard  to  believe  that  there  is  now 
available  an  entirely  new  kind  of  rubber-like 
material  useful  at  temperatures  far  above  and 
below  the  limits  of  any  organic  rubber. 

This  column  of  new  data  will  give  you  a  better 
idea  of  how  heat-stable  Silastic  really  is.  You 
may  remember  a  previous  coiumn  giving  brittl- 
points  ranging  from  —70  to  -100°  F.  for  the 
same  Silastic  stocks.  It's  more  than  a  slogan — 
Silastic  stays  elastic  in  oven  heat  or  arctic  cold. 

Effect  ef  Aging  at  300°  F. 


VHF  Plane  Radio 


General  Electric  Co.,  Syracuse, 
N.  Y.  A  new  vhf  personal  plane 
transmitter  type  AT-3A  has  been 
designed  as  a  means  of  communi¬ 
cating  with  tower  and  radio  range 


Tati  Sampia 

SBatlk  160 
aftar  61  days 
Synthatk  Rubbar’ 
oftar  1  day 


I  Oea  of  lha  motl  hacrt-tlabla  tynlhalic  organic  rubbart. 

The  increase  in  the  hardness  of  Silastic  160 
compared  with  one  of  the  most  heat  resistant  of 
the  synthetic  organic  rubbers  is  shown  in  the  graph 
below.  Silastic  is  described  in  leaflet  No.  N13-d. 


stations.  Operating  from  a  12-volt 
battery,  the  unit  has.  an  output 
power  of  1  watt.  It  has  a  range  of 
about  50  miles  at  5,000  feet  on  any 
of  the  six  vhf  channels  assigned  to 
this  service. 


R-F  Power  Coil  (40) 

Electronic  Engineering  Service, 

Box  72,  Ridgewood,  N.  J.  A  line  of 


*  TIME  M  OATS  OF  AOMO  AT  300*F 

*TIM>C  MASK  MW  COININC  COtTORATION 

DOW  CORNING  CORPORATION 
MIDLAND,  MICHIGAN 
New  York  •  Chicago  •  Cleveiand  •  Lot  Angalat 
In  Canada:  Fibulas  Canada,  Ltd.,  Toronto 
In  England:  Albright  and  Wilton,  Ltd.,  London 
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No  need  to  quorrel, 
whether  large  or  small, 
there's  o  SELETRON 
Selenium  Rectifier  for 
,  /practically  any  appKcatioi)! 
}  And  we  can  build  any  size 
to  your  specifications. 

Yes,  both  the  Mite 
and  the  Mighty  agree  . 


'Tin  Ik*  smallest, 
stroNsast  SClfTRON 
Solaniwm  Roctiior  — 
fast  I'al'x/Zt*.  I'm 
wsoe  tor  so  many 
plications  wlioro  high 
output  one  compoct* 
nost  is  roeuirod."  , 


"And  I'm  tko  largost,  koovy- 
duty  S£L£TKON  Solonium  toc- 
—  1 2"x  1 0-15/ 1 6'*  5*. 
Tkoy  coll  on  mo  tor  roolly 
rupgod  sorvico  In  AC-DC 
convortion."  ^ 


CIRCUtT 


3  ^OM  HaH-Wov« 


HaH-Wav« 


OUTPUT  V 


250  (Fon-CooUd) 


OUTPUT  AMPS 


“Specify  SEIETRON 
Selenium  ftecfiflersf" 


Now  off  the  press! 
Send  for  our  new 
bulletin 


WRITE  TODAY  FOR  FUU  INFORMATION. 
ADDRESS  DEFT.  S-14 


cable  to  the  small  oscillator  unit  lo¬ 
cated  close  to  the  wire  rope  under 
test.  The  oscillograph  unit  is  usu¬ 
ally  kept  at  a  distance  from  the  ac¬ 
tual  test.  The  frequency  response 
of  the  circuits  has  been  adjusted  to 
give  optimum  performance  at  the 
test  frequency  used  in  the  inspec¬ 
tion  of  wire  rope. 
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*SEt£TRON 
Selenium  Rectifiers. 


Signal  Generator  (42) 

Approved  Electronic  Instrument 
CoRP.,  142  Liberty  St.,  New  York, 
N.  Y.  Signal  generator  model  A- 


r-f  power  supply  transformers  for 
use  in  television  receivers,  cathode- 
ray  oscilloscopes  and  similar  equip¬ 
ment  includes  output  voltage  rat¬ 
ings  of  1,  2.5,  4,  5,  and  10  kilovolts, 
all  rated  at  250  microamperes.  Each 
includes  primary,  secondary,  feed¬ 
back,  and  rectifier  filament  wind¬ 
ings.  Coils  are  treated  with  Q-Max 
and  sell  for  from  $2  to  $8  depend¬ 
ing  on  voltage. 


Allen  B.  Du  Mont  Labs.,  Inc., 
Passaic,  N.  J.  The  cable  tester  oper¬ 
ates  on  the  same  core-loss  principle 
as  the  cyclograph.  The  test  coil  used 
is  connected  by  a  short  length  of 


Cable  Tester 


(41) 


new  PRODUCTS 


(continiMd) 


SELETRON  DIVISION 

R.\DIO  REC  EPTOR  CO..Ine, 


Since  1922  in  Radio  and  llectronid  " 

351  NIST  19th  STRUT  NEW  YORK  11,  N  Y 


Tka  PARADE  oh  Qualltij 


Specialists  In^ 
Difficult  Desi  gns 


DINION  COIL  COMPANY,  INC.  ^tw  york 


UMIVKRT^ITV  OfS  IWTIO^^iWOiW 


CAMERA 

AND  INSTRUMENT  CORPORATION 


The  Shape  and 
Size  YOU  need! 


NEW  ntOOUCTS  (cMHiitMd) 

200  with  a  frequency  range  from 
100  kc  to  75  me,  equipped  for  oper¬ 
ation  with  either  external  or  in¬ 
ternal  (440-cycle)  modulation,  uses 
four  receiver  type  tubes.  The  equip¬ 
ment  has  been  recently  modified. 


for 

Accurate 

Computing 


Public  Audio  ( 43  > 

Bardwell  &  McAlister,  Inc.,  Box 
1310,  Holl:^ood  28,  Calif.  A  new 
series  of  public  address  systems, 
as  we'.l  as  sound  and  recording 
equipment  for  the  motion  picture 
industry  is  described  in  a  catalog 
recently  issued. 


Fairchild 

Precision 

linear  Potentiometer 


In  this  integrating  computer  accurate  resetability  in  both  the  single-solu¬ 
tion  computer  potentiometer  ond  the  integrating  potentiometer  eliminates 
hunting  and  carry-over  errors. 

Fairchild's  low-torque  Linear  Potentiometer — which  is  o  small  precisian 
instrument — can  be  reset  to  any  selected  resistance  or  angle  of  rotation 
with  an  accuracy  that  is  unsurpassed  in  any  other‘single-turn  potentiometer. 

This  precision  performance  is  maintained  over  a  million  cycles  of  opera¬ 
tion  with  long-life  precious  metal  alloy  contacts.  For  complete  data  ad- 
dreu:  Dept.  'G',  88-06  Van  Wyck  Boulevard,  Jamaica  1,  New  York. 


Appliance  Thermostat  (44) 

Fenwal,  Inc.,  Ashland,  Mass.  Two 
new  Thermoswitches  providing  con¬ 
trol  over  the  temperature  ranges 
175  to  600  F,  and  50  to  500“F  have 
a  maximum  loading  of  1,200  watts 
on  110-volt  60-cycle  lines.  Addi¬ 
tional  information  on  uses  and 
characteristics  of  these  thermostats 
is  available  from  the  manufacturer. 


Television  Capacitors  (45) 

Cornell-Dxjbilier  Electric  Corp., 
South  Plainfield,  N.  J.  A  new  se¬ 
ries  of  television  capacitors  im¬ 
pregnated  and  filled  with  Dykanol 
and  hermetically  sealed  is  now 


All  SIzas  In 

Square  and  Rectangular  Tubes 

Leading  manufacturers  rely  on  the  quality 
and  exactness  of  PARAMOUNT  paper 
tubes  for  coil  forms  and  other  uses.  Here 
you  have  the  advantage  of  long,  specialized 
experience  in  producing  the  exact  shapes 
and  sizes  for  a  great  many  applications. 
Hi‘Dieltctric,  Hi-Strength.  Kraft,  Fish 
Paper,  Red  Rope,  or  any  combination. 
Wound  on  automatic  machines.  Toler¬ 
ances  plus  or  minus  .002*.  Made  to  your 
specifications  or  engineered  for  YOU. 


PARAMOUNT  PAPER  TUBE  CORP 

616  lAfAYITTE  ST.,  FORT  WAYNE  2,  INO. 

Man$tjactmrers  of  Paper  Tubing  for  the  Electrical  Industry 
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PALNUT 

SHIELD  CAN 
FASTENER* 


FOR  PERSONALIZED 
ATTENTION 
TO  YOUR 
RESISTANCE  WIRE 
PROBLEMS 


The  C.  0.  JELLIFF 
MANUFACTURING 
CORPORATION 


The  PALNUT  Co 


NEW  PRODUCTS  (continMd) 

available  in  various  capacitance  and 
voltage  ranges.  The  type  GCIAOO 
illustrated  is  a  filter  type. 


Reluctance  Pickup  Arm  (46) 

Amplifier  Corp.  of  America,  396 
Broadway,  New  York  13,  N.  Y. 
Two  types  of  pickup  arm  for  use 
with  the  GE  variable  reluctance 


CONSULT  JELLIFF 


When  confronicd  with  any  rceietancc  problem, 
take  advanuge  of  the  divenified  experiences  of 
JeUiS  in  selecting  the  proper  alloys  for  your 
specific  applications. 

For  recommendations,  Uieratiire,  prices  and  d^ 
livery  of  Jelliff  Quality  Alloys  get  in  touch  sriih 
our  nearest  sales  representative  or  communicate 
direct  with  Southfwrt,  Connecticut.  Write  ar 
phone  for  Prompt  Action. 

JELLIFF  SALES  REPRESENTATIVES 

BOSTON,  MASS.  Phont:  LIBERTY  1277 

White  Sales  Co.,  Room  902,  10  High  St. 

CHICAGO,  ILL  PIhmw:  STATE  S292 

William  Maxwell  Co.,  107  N.  Wacker  Driva 

QEVEIAND,  OHIO  Hmhm:  MAM  8SSS 

A.  J.  Loeb  Sales  Co.,  1836  Euclid  Ave.  So. 

lOS  ANGELES,  CAUF.  Phont:  TRMITY  7353 

Perhnuth-Colman  Associates,  942  Maple  Avc. 

MINNUPOUS,  MINN.  Phono:  GENEVA  3373 

Volco  Company,  622  McKnight  Building 

NEW  YORK,  N.  Y.  Phono:  CALEDOMA  S-1776 

R.  B.  Dana  Company,  101  Park  Avc. 

PMLA.,  PA  Phono:  KINGSLEY  5-120S 

S.  K.  MacDonald,  1S31  Spruce  St. 

PITTSBURGH,  PA  Phono:  CEDAR  3000 

Wm.  M.  Orr  Co.,  1228  Brighton  Rd. 

ROCHESTER,  N.  Y.  Phont:  MONROE  5392 

J.  R.  Hanna,  P.  O.  Box  93,  Brighton  Sution 

SEATTU,  WASH.  Phono:  SE-0193 

PcrlmutlvColinan  Associates,  704  Third  Avciuia 

HUU,  QUL,  CANADA 

Mica  Co.  of  Canada,  Ltd.,  P.  O.  Box  189 


pickup  are  now  in  production.  Model 
160GE  is  for  recordings  up  to  16 
inches  in  diameter,  while  the  less 
expensive  model  120GE  is  for  use 
with  recordings  up  to  12  inches. 


•  lower  Assembly  Cost 

•  Strong  Positive  Grip 

•  No  tolerance  problems 


Photoflash  Transformers  (47) 

United  Transformer  Corp,,  150 
Varick  St.,  New  York  13,  N.  Y.,  has 
announced  a  new  series  of  trans¬ 
formers  designed  especially  for 


Live  spring  arch 
holds  con  tightly 
against  chassis 


Will 

deliberately 

releosed 

#  A  quick  snap  of  the  Palnut 
Shield  Can  Fastener  into  the 
chassis  provides  a  secure  job — 
faster,  cheaper  than  other  fast¬ 
ening  methods.  Good  ground 
contact  is  maintained.  May  be 
used  on  any  chassis  thickness. 

SAMPLES  and  data  on  Pal¬ 
nut  Shield  Can  Fasteners  sent 
upon  request  on  your  company 
letterhead. 

•  Pat  PMdlai 


photoflash  use.  The  series  includes 
a  transformer  for  use  from  110-volt 
lines,  one  for  battery-powered  ap¬ 
plication,  and  a  trigger  type  to  be 
used  in  conjunction  with  either. 
Leaflet  No.  PF  contains  circuits 
and  other  design  details. 


Polar  Recorder  (48) 

Airborne  Instruments  Lab.,  Inc., 
Mineola,  N.  Y.  Designed  originally 
to  plot  aircraft  antenna  patterns. 
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lirviivnrRsiTV  or 


Countless  Types  and  Modifications 


You  will  find  Leach  Relays  rendering  service  around  the  elec¬ 
trical  world:  in  Industry,  Electronics,  Communications,  Aviation, 
Transportation  and  Power. 

During  the  past  thirty  years,  Leach  has  fedthfully  maintauned  its 
policy  of  building  quality  equipment;  and  today,  you'll  find 
Leach  delivers  quality  in  quantity.  The  name  LEACH  stands 
for  "better  relays"  and  assures  you  of  "better  controls." 


the  type  116  recorder  can  be  used  to 
plot  voltage  on  either  a  linear  or 
logarithmic  scale  as  radial  distance 
against  angular  position.  It  can  be 
provided  in  either  rack-mounted  or 
portable  form. 


Battery  VTVM  (49) 

Radio  Ck)RP.  of  America,  Camden, 
N.  J.  The  Battery  Voltohmyst  type 
WV  65-A  is  a  selfcontained  vacuum 
tube  voltmeter  using  internal  bat¬ 
teries.  A  neon  lamp  flashes  during 
the  period  that  the  instrument  is 
in  operation  to  warn  that  the  bat¬ 
tery  is  in  service.  A  crystal  probe 
extends  the  voltage  range  to  fre¬ 
quencies  as  high  as  100  megacycles. 
Total  weight  is  9  pounds. 


D*tign«ra  and  Manufacturers 
of  Broadcast  Speech  Equip¬ 
ment,  School  Sound  Systems 
and  Recording  Equipment. 


WITH  CUSTOM  •  BUILT  FEATURES 


Designed  and  Fabricated  by 
the  Manufacturers  of  High 
Ouolity  Sound  ond  Recording 
Equipment  for  the  Motion 
Picture  Industry. 


Bardwell  &  McAlister’s  new  line  of  Commercial  Amplifiers 
answers  the  great  demand  of  sound  engineers  for  commercial 
amplifiers  embodying  the  principles  used  in  '’custom-built' 
units  which  have  been  successful  in  the  sound  equipment  of 
the  motion  picture  industry.  These  principles  result  in  high 
fidelity  reproduction  at  any  setting  of  volume  controls  up  to 
full  rated  output  with  less  than  4%  distortion,  versatility  of 
application,  ease  of  operation  and  the  longer  life  found  only 
in  Bardwell  &  McAlister  Studio  Quality  Amplification 
Systems.  Manufactured  by  Union  Craftsmen  and  fully  licensed. 

Write  for  our  sound  equipment  catalog  and  j 

technical  bulletins.  Dealer  inquiries  invited,  j  i- 


10-Kw  F-M 


Radio  Corf,  of  America,  Camden, 
N.  J.  Type  BTF-lOB  10-kw  trans¬ 
mitter  now  in  production  uses 
grounded-grid  circuits  for  opera¬ 
tion  in  the  88  to  108  megacycle 
band.  Modulation  is  accomplished 
at  low-power  r-f  level  by  means  of 
a  push-pull  reactance  tube  circuit. 
A  separate  frequency  control  cir¬ 
cuit  maintains  the  transmitter  on 


ELECTRONIC  DIVISION 

BARDWELL  &  McALISTER,  INC 

BOX  1310,  HOLLYWOOD .28,  CALIFORNIA 


PRODUCT 
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1055  NEPPERHAN  AVENUE,  YONKERS  3.  NEW  YORK 


NEW  PRODUCTS  (conHiiiie<<) 

the  assigned  carrier  frequency. 
Provision  is  made  for  switching  the 
antenna  to  the  intermediate  power 
amplifier  so  as  to  facilitate  mainte¬ 
nance  or  repairs  on  the  final  stage. 


pR  FASTER  SOLDERING 
[  Z  NEW  WELLER 
SOLDERING  GUNS 


Filament  Coaler  (51) 

Eisler  Engineering  (3o.,  Inc., 
Newark  3,  N.  J.  Equipment  for 
coating  wires  used  as  filaments  in 


electron  tubes  is  now  available  with 
six  controlled-heat  furnaces  and  a 
variable-speed  winding  device. 


Strain  Indicator  (52) 

Nosker  Engineering  Products, 
Yellow  Springs,  Ohio.  Model  5 
strain  indicator  is  a  portable  direct- 
reading  instrument  for  measuring 


The  new  Weller  Soldering  Guns  with 
Solderlite  plus  the  lost  5  second  heating 
help  make  service  work  more  profitable 
for  radio,  television  and  appliance  serv* 
ice  men,  electrical  maintenance  men, 
electric  motor  rewinding  and  repair 
shops  automotive  electrical  service. 

A  useful  and  time-saving  tool  for  labora¬ 
tory  workers,  experimenters,  hobbyists, 
telephone  installation  and  maintenance 
men.  S107  100  watts  single  heat.  D207 
100/135  watts  dual  heat. 

See  your  radio  parts  distributor  or 
write  for  bulletin  direct. 


static  strain  from  as  many  as  10 
wire-strip  strain  gages.  Bulletin 
5  gives  details. 


Tachometer  Control  (53) 

Jones  Motrola  Corp.,  432  Fairfield 
Ave.,  Stamford,  Conn.  A  centrif¬ 
ugal  type  tachometer  is  equipped 
with  an  electronic  control  using  one 
tube.  When  a  predetermined  speed 
has  been  reached  the  device  shuts 
off  the  equipment  or  sounds  an 
alarm.  The  model  210  equipment 


MANUFACTURING  CO 
806  Packer  St.,  Eoston,  Pa. 
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cations.  For 
further  inform  H|S 
mation  con^ 
ceming  any  of  |9||H 
the  models  in 
thewell'known 
Eastern  line,  |Hn 
write  for  Bulle^ 
tin  205.  Please 
address  all 
inquiries  to 
Eastern  Industries  Iix:. 
New  Haven,  Conn. 


EASTERN  INDUSTRIES 


NEW  HAVEN.  CONNECTICUT 
Norwalk,  Coanecticut  JH^Ncwtos.  Ma»arhuMtts 
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Mass  Spectrometer  ^54) 


Process  and  Instruments,  60 
Greenpoint  Ave.,  Brooklyn  22,  N.  Y. 
Model  M  60  mass  spectrometer  illus¬ 
trated  is  a  60-degree  type  in  which 
mass  scanning  is  performed  manu¬ 
ally  by  varying  the  accelerating 


Molded  Composition  Pot 

Ohmite  Mfg.  Co.,  4974  West  Flour¬ 
noy  St.,  Chicago  44,  Ill.  A  new  2- 
watt  potentiometer  type  AB  is  car- 


vacuum -processed,  gold- 
coated  Bradley  instrument 
rectifiers  increase  equip¬ 
ment  efficiency.  Especially 
designed  for  use  where 
stability  and  permanence 
of  calibration  are  impor¬ 
tant,  "Coprox"  rectifiers 
meet  the  most  exacting 
requirements.  Yet  they 
cost  no  more  than  ordin¬ 
ary  rectifiers  —  in  most 
cases,  less. 

Temperature  error  is 
exceptionally  low  with 
Bradley  rectifiers.  Aging 
is  practically  nil.  Pre¬ 
soldered  leads.  Rating  of 
CX-2E  series  up  to  4.5 
volts  A.  C.,  3  volts  and  5 
milliamperes  D.  C. 


illustrated  iiteroture, 
available  on  request, 
shows  more  models  of 
Bradley  photocelis,  plus 
a  line  of  copper  oxide 
and  selenium  rectifiers. 
Write  for  "The  Bradley 
Line." 


BRADLEY 


LABORATORIES.  INC. 


82  Meadow  Sf.  New  Haven  10,  Conn 


voltage.  Ion  beam  intensity  for 
each  mass  is  measured  by  a  null- 
point  method.  Bulletin  sheet  MS  1 
gives  further  details. 


Chemical  Level  Control  <55) 


Photoswitch  Inc.,  77  Broadway, 
Cambridge  42,  Mass.  Level  control 
type  lOCBlX  has  been  designed  for 
general  application  with  particular 
consideration  of  chemical  process¬ 
ing  problems.  Two  probe  rods  are 
required  for  high  and  low  level 
points.  The  output  circuit  will  han¬ 
dle  2  amp  at  115  v. 


HERE  ARE  TWO 

EASTERN 

Single  Stage  | 
Centrifugal 
Pumps 

Model  D-6  is  a  aMnpact,Ught weight  cen- 
trifugal  pump  designed  for  continuous 
duty  where  small  volume  and  pressure  ; 
are  required.  Pump  and  motor  are ! 
close-coupled.  An  open  vane  impeller  is  | 
mounted  on  the  motor  shaft  extension.  | 
Equipped  with  either  an  easily  adjust-  | 
able  stuffing  box  or  mechanical  rotary  I 
seal,  the  pump  proper  has  no  bearings,  j 

Size:7>^*’x4j^'  i 

x4^' 

j  Weight:  11^ lbs 
j  Power:  1/30  HP 

j  Alloys: Standard 
in  Cast  Iron, 
i  Bronze,  Stain-  **<4tl  D-l 
I  less  Steel,  Monel  Metal,  Hastelloy  C. : 

I  For  quantity  applications,  available  ; 
in  other  alloys. 

I  Model  F  is  a  lieavy  duty  centrifugal 
pump  designed  for  continuous  operation 
!  in  applications  requiring  sizeable  vol-  \ 
umes  or  pressures  with  a  minimum  of 
pump  size  and  weight.  The  heavy  duty 
General  Electric  ball  bearing  induction 
type  motor  may  be  totally  enclosed  for 
general  use  ana  explosion-proof  for  use 
with  flammable  liquids  and  vapors. 
This  pump  is  of  the  close-coupled  type, 
motor  armature  and  pump  impeller 
being  mounted  on  the  same  shaft.  It  is 
avaimble  with  either  adjustable  stuff¬ 
ing  box  or  mechanical  rotary  seal. 

Size:  llj^*  x 
X  6M' 
Weight:  35  lbs 
Power:  1/3  HP 
Alloys:  Stand¬ 
ard  in  Cast 

j  Iron,  Bronze, 

I  Stainless  Steel,  Monel  Metal  and 
Hastelloy  C.  For  quantity  applica¬ 
tions,  available  in  other  alloys.  > 

Eastern  Industries  has  engineered  more 
than  300  models  of  small  pumps  for 
industrial  use.  In  addition.  Eastern’s 
experienced  engineering  staff  welcomes 
the  opportunity  to  design  pumps  for 
special  appli- 


PHOTO  ELECTRIC 
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can  be  supplied  with  an  indicating 
dial  in  any  terminology  desired  and 
a  six-figure  counter  to  give  the  total 
run  is  likewise  available. 


HIGH  PERFORMANCE  1^d<Uf4. 


(continued) 


NfW  PHOOUCTS 


ried  in  sixteen  stock  resistance 
values  from  50  ohms  to  6  megohms. 
It  is  fully  described  in  Bulletin  131. 


Folded  Dipole  (57) 

Radio  Corp.  of  America,  Camden, 
N.  J.  Type  288  folded-dipole  an¬ 
tenna  is  supplied  with  a  5-foot 
wooden  mast  and  all  mounting 
brackets  and  hardware  necessary 
for  installation. 


Sigma's  specialty  is  the  supplying  of  relays  to  meet  unusually  exacting 
requirements.  Such  success  as  we  enjoy  is  due  os  much  to  willingness  to 
study  applications  in  detail  as  to  basically  good  relay  designs. 

You  are  urged  to  take  advantage  of  this  in  submitting  your  problem, 
^  ^  by  stating  particulars  of  purpose  and  function,  permitting 
/nlOU^  ***  relay  os  port 

(S  inn)  °  complete  system.  / 


Airlines  Transmitter  (58) 
Meter 

Gables  Engineering,  Box  751, 
Coral  Gables,  Florida.  Designed 
for  airlines  use  to  check  percentage 
of  modulation  and  relative  field 
strength,  the  Model  G-232  modula¬ 
tion  meter  is  completely  selfcon- 
tained,  uses  neither  batteries  nor 
tubes,  and  covers  the  frequency 
range  300  kc  to  300  me  with  an  ac¬ 
curacy  better  than  5  percent. 


•  HIGH  SPEED  •  low  INPUT 

•  LONG  LIFE  •  CLOSE  TOLERANCE 

AC  ....  DC  ...  .  POLAR 


RELAYS 

'62  Ceylon  St,  Boston  21,  Mass. 


Self ‘Tuning  H-F  (59) 

Converter 

Ajax  Electrotherm ic  Corp.,  Ajax 
Park,  Trenton  5,  N.  J.  The  20-kw 
high-frequency  converter  for  induc¬ 
tion  heating  and  melting  features 
simple  controls,  safety  interlocks, 
and  streamlined  housing.  The  elec¬ 
trical  circuit  of  the  converter  is 
self-tuning,  with  frequencies  vary¬ 
ing  from  20,000  to  80,000  cps,  de¬ 
pending  on  the  size  and  shape  of 
the  furnace  coil  to  which  it  is  con¬ 
nected.  Power  supply  is  single 
phase  a-c,  usually  208,  220,  or  440 
volts. 


STANDARD  SIGNAL  GENERATOR  Model  80 


CARRIER  FREQUENCY  RANGE:  2  to  400  megocydos. 
OUTPUT:  0.1  to  100,000  microvolts. 

50  ohms  output  impedance. 

MODULATION:  AM  0  to  30%  at  400  or 
1000  cycles  internal. 

Jack  for  external  audio  modulat'ion. 

Video  modulation  jack  for  connection  of  external 
pulse  generator. 

POWER  SUPPLY:  117  volts,  50-60  cycles. 

DIMENSIONS:  Width  19",  Height  10%",  Depth  91^**. 

WEIGHT:  Approximately  35  lbs. 

Suitable  connection  cables  and  matching  pods 
can  be  supplied  on  order. 


•I4RUF4CTURERS  OF 

Stwdird  Sitnai  emritors 
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Welding  Timer  (60) 

Photoswitch,  Inc.,  77  Broadway, 
Cambridge  42,  Mass.  Electronic 
welding  timer  Type  30CR3  is  de¬ 
signed  for  interval  timing  of  weld- 
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NEW  PRODUCTS  (contlnMd) 

ing  operations  over  a  range  of  3  to 
120  cycles.  It  is  recommended  for 
all.  general-purpose  spot  welders  and 
fulfills  the  specifications  of  NEMA 
Class  lA  Timers.  It  is  applicable 


scaling  unit 
far  nuclear 
research 


to  manual,  air  or  motor  operated 
welding  equipment  requiring  either 
beat  or  non-beat  operation. 


•ir  Pr*d«t«rmined  tim*  or  count  oper¬ 
ation — with  automatic  shutoff  and 
recording. 

Depressed  zero  on  easily  read  (4') 
meter  for  built-in  voltage  supply. 

Switch  for  selecting  scale  of  2, 16, 
32,  64}  plus  '‘Count-o-motic"  scale 
multiplier. 

Built-'m  amplifier  for  oscilloKope 
viewing  without  loading  Geiger-Muel- 
ler  counter. 

Built-in  impube  register  easily  reset 
to  zero. 

■ir  Plug-In  provision  for  quenching 
circuits  when  required. 


High-Voltage  Ignitron  (61) 

General  Electric  Co.,  Schenec¬ 
tady,  N.  Y.  Type  GL-6630  rectifier 
is  suitable  for  applications  requir¬ 
ing  up  to  3,000  kilowatts  of  d-c 
power.  Peak  forward  or  inverse 
voltage  is  20,000  volts,  peak  current 
is  200  amperes  and  average  cur¬ 
rent  50  amperes. 


Thoughtful  design,  superb 
workmanship  and  top  quality 
materials  are  combined  in  the 
manufacture  of  JOHNSON 
sockets  to  earn  for  them  the 
reputation  as  the  world's  finest. 

Illustrated  above  is  the 
JOHNSON  123-209,  a  4  pin 
bayonet  type  socket  for  medium 
power  tubes  having  a  medium 
4  pin  bayonet  base,  such  as  the 
866. 

Also  available  is  the  123-210, 
a  similar  JOHNSON  socket 
that  fits  the  same  tubes  as  the 
123-209  but  which  is  slightly 
smaller  in  size. 

The  123-21 1  is  a  larger  4  pin 
socket  for  tubes  such  as  the 
872. 

The  123-216  is  for  tubes  hav¬ 
ing  a  GIANT  5  pin  bayonet 
base  such  as  the  803  and  RK28. 

These  high  quality  JOHNSOKi 
tube  sockets,  which  represent 
only  a  part  of  the  extensive 
JOHNSON  tube  socket  line, 
are  available  in  porcelain  or 
steatite. 

See  them  at  your  dealers  or 
write  for  latest  catalog. 


TIm  n«w  Model  163  is  the  most 
complete  IDL  Koling  unit  available 
for  routine  or  research  counting.  Pro¬ 
visions  for  automatic  or  manual  count¬ 
ing,  with  built-in  safety  features,  moke 
the  new  scaler  ideal  for  use  by  tech¬ 
nicians  or  by  research  personnel.  Wide 
range  of  selection  for  predetermined 
number  of  counts.  Electronic  circuits 
are  similar  to  those  used  In  older 
Model  161,  which  has  widespread 
reputation  for  dependability. 

«  OTHR  INSTRUMINTS 

Other  scaling  units  artd  related  ac¬ 
cessories  available,  carefully  devel¬ 
oped  by  research  procedures  to  make 
them  dependable  and  easy  to  use. 

rail  BULLITIN 

Address  Dept.  D  for  buNetin  describing 
the  Model  163  ScoKog  Unit,  or  for  belletins 
on  other  types  of  e^pmenl  for  nudeor 
research. 


High-Fidelity  Amplifier  (62) 

Allied  Radio  Corp.,  833  West  Jack- 
son  Blvd.,  Chicago  7,  Ill.  The  new 
Knight,  20-watt,  phonograph  ampli¬ 
fier  has  less  than  2-percent  har¬ 
monic  and  less  than  8-percent  inter¬ 
modulation  distortion  at  maximum 


Designers 
and  BUILDERS  of 
INTEGRATED 


output.  Tone  controls  are  provided 
but  set  in  the  normal  position  re¬ 
sponse  is  flat  within  plus  or  minus 
1  db  from  20  to  20,000  cycles.  Vari¬ 
ous  output  impedances  are  fur¬ 
nished. 


Airflow  Switch 


Jenckes  Knitting  Machine  Co., 
Rotron  JDiv.,  180  Weeden  St.,  Paw- 


E.  F.  JOHNSON  CO.  WASECA,  MINN 
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tucket,  R.  I.  An  airflow  switch 
used  with  forced-air-cooled  trans¬ 
mitting  tubes  can  be  mounted  with 
a  single  screw.  A  lightweight  vane 
protruding  into  the  air  stream  sus¬ 
tains  contact  for  pressures  devel¬ 
oped  at  air  velocities  of  from  1,000 
to  2,600  feet  per  minute:  With  a 
contact  rating  of  5  amp  a-c  at  250 
volts,  the  switch  guards  against 
stalling  of  the  blower  or  obstruc¬ 
tions  in  the  ducts. 


Beacon  Antenna  (64) 

General  Electric  Co.,  Syracuse, 
N.  Y.  The  type  EY3A  high-gain 
beacon  antenna  is  designed  for  two- 
way  radio  communication  in  the  152 
to  162  megacycle  band.  The  multi¬ 
element  antenna  has  a  power  gain 
of  two  and  a  half  over  a  coaxial 
dipole.  The  array  is  contained  in  a 
weatherproof  housing,  has  a  circu¬ 
lar  azimuth  pattern  and  an  imped¬ 
ance  of  50  ohms. 


yimttiMU  Business  Communication  Systems 


Dramatically  different  in  its  impressive  plastic  styling, 
definitely  advanced  in  functional  design  .  that’s  the 
New  AMPLICALL!  Apart  from  exceptional  fidelity 
of  speech  reproduction,  the  New  AMPLICALL  in¬ 
corporates  a  number  of  exclusive  advantages  in  oper¬ 
ation  and  installation  which  sets  it  apart  as  a  signifi¬ 
cant  design  achievement  in  the  intercommunication 
field.  New  AMPLICALL  Systems  are  available  to  meet 
every  conceivable  business  communication  require¬ 
ment.  You  are  invited  to  write  for  full  details  cover¬ 
ing  America’s  Finest  Intercommunication  Systems. 

THE  RAULAND  CORPORATION 
4265  N.  Knox  Avenue,  Chicago  41,  Mlinoit 

RADIO  •  RADAR  •  SOUND  .  COMMUNICATIONS  •  TELEVISION 


Featuring: 

''tuty"  S/9110/ — vijuol  type  using 
neon  bulb  indicator 
P/ug-ln  Masters  for  quick  ex¬ 
change  or  transfer 

volume  control  to  in¬ 
dicate  "on” 

Balanced  tines— eliminated  need 
for  shielded  lines  to  Remote  sta¬ 
tions 

Hondset— optionol  for  privote 
conversation 


Grid-Control  Rectifiers  (65) 


Continental  Electric  Co.,  Ge¬ 
neva,  IlL  Types  CE-320  and  CE-322 
are  mercury-vapor  and  gas  filled. 
Principal  ratings  of  the  CE-320: 
filament,  2.5  v,  9  amp;  max  average 
current,  2.5  amp ;  max  peak  current, 
SO  amp;  max  peak  inverse  voltage, 
1,250  V.  The  CE-322,  also  used  in 
welding  control,  motor  control  and 
similar  operations  has  ratings  as 
follows:  filament,  2.5  v,  20  amp; 
max  average  current,  6.4  amp ;  max 
peak  current,  80  amp;  max  peak 
inverse  voltage,  1,500  v. 


'  Control  Enginoorod  Eloctricol  Poport  or*  among  tho  most  vorsotilo 

of  motorioli.  Thoy  con  bo  occurotoly  controllod  in  thicknou,  porosity,  Ph,  woight 
and  many  othor  choroctoristics.  Control  Eloctricol  Popors  con  also  bo  modo  with 
anti-rust  and  onti-tornish  proportios  .  .  .  thoy  con  bo  cropod  for  oosior  wrapping 
around  cornors  .  .  .  thoy  con  bo  jsitod  for  oxtro  strongth  .  .  .  thoy  con  bo  wotor- 
proofod  ...  or  almost  any  combination  of  thoso  proportios  and  spociol  trootmonts 
may  bo  hod.  Thus  with  Control  Enginoorod  Eloctricol  Papers  you  con  hove  many 
combinations  of  physical  and  electrical  proportios  to  suit  exactly  your  particular  design. 

The  Control  Paper  Engineer  knows  his  popors  and  is  backed  by  laboratory 
L  facilities  second  to  none  in  tho  industry.  Discuu  your  design  problems  with  him. 

A  Ho  con  offer  many  helpful  suggestions  on  how  paper  con  help  you  produce 
bettor  products  at  lower  cost.  His  services  ore  yours  for  tho  asking. 


Bayonet  Sockets  (66) 

Drake  Mfg.  Co.,  1713  Hubbard  St, 
Chicago,  Ill.  A  new  line  of  im¬ 
proved  double-contact  candelabra 
bayonet  t3rpe  socket  assemblies  has 
recently  been  announced.  They  are 
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PREMIER  DIALS, 
PANELS  &  PLATES 

What  counts,  solos-wiso.  is 
what  your  customor  soos.  What 
gots  tho  ottontion  for  Promior 
Motol  ProdncU.  quoUty-wiso.  is 
their  sharpness  and  clarity  .  .  • 
close  tolerances  .  .  .  ridi  colors 
omd  baked-in  finishes.  Let  us 
tell  you  how  these  qualities 
can  add  important  sales-^ippeol 
to  your  products. 

Etched  A  UthograpM  on: 

•  Aluminum  ■  Brass 

•  Bronze  •  Copper 

•  .Monel  •  Nickel  Silver 

•  Stainless  Steel 

WHITE  FOR  BULLETIN 


44TH  AVEHUE 


Quolity  rroriucts  lor  Ovf‘r  35)  Yuars 


modeAn 


make  accurate  response  curves  in  a  ao  ■ 

—SPEEDY  manner  model  fr  i 

...</.««  AUTOMATIC  FREOUENCY  RESPONSE  RECORDER 

Why  use  the  old  fashioned,  tedious  point-to-point  e  AMPLIFIERS 
method  of  plotting,  when  modern  equipment  e  P-A  S*Y  S  T  E  M  S 

is  available?  The  FR-I  Is  a  laborato  y  O  MICROPHONES 
apparatus  of  unsurpassed  merits  for  U  SOUND  INSTALLATMONS 

making  response  characteristics  of;  •  FILTERS  •  EOUALIZERS 

•  loudspeakers  •  recording  heads  •  REPRODUCERS 


^  Sbund  Apparatus  Co. 

i33  BROADWAY  (Woelworth  Bldg.)  NEW  YORK  7.  N.Y 
SNADIAN  REPRESENTATIVE;  H.  Pound.  7  2  3  5  Addingten  Av»..  M  o  n  ♦  r  »  «  I  21,  P 


completely  described  in  a  new  cata¬ 
log  just  issued  on  the  complete  line 
of  assemblies. 

Capacitance  Bridge  (67) 

Sylvania  Electric  Products,  Inc., 
600  Fifth  Ave.,  New  York  18,  N.  Y. 
Type  125  capacitance  bridge  suit¬ 
able  for  measuring  tube  interelec¬ 
trode  capacitances  provides  a  range 
from  0  to  100  micromicrofarads. 
Ground  to  lead  or  jig  capacitances 
can  be  tuned  out  when  the  combined 
values  do  not  exceed  26  /i/tf. 


Cable-Type  Transformer  (68) 

Amperite  Co.,  661  Broadway,  New 
York  12,  N.  Y.  A  new  cable-type 
input  transformer  can  be  used  for 
coupling  a  low  impedance  micro¬ 
phone  to  a  standard  high-impedance 
amplifier  input.  Frequency  re¬ 
sponse  is  within  plus  or  minus  2  db 
from  50  to  12,000  cycles. 


Xenon  Rectifier  (69) 

Electrons,  Inc.,  127  Sussex  Ave., 
Newark  4,  N.  J.  Type  EL6B  is  a 
new  xenon  gas  rectifier  particularly 
applicable  to  industrial  service  such 
as  motor  control,  magnetic  devices 


and  other  loads  requiring  large 
amounts  of  d-c  power.  Rectifiers 
using  the  tube  can  be  built  for  d-c 
output  up  to  440  volts,  12.8  amperes 
single  phase  or  660  volts,  19  am¬ 
peres  polyphase. 


Permeability  Tuners  (70) 

Aermotive  Equipment  Corp.,  1632 
Central  St.,  Kansas  City,  Mo.  Three 
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Wires  drown  to  .0004"  diometer 


Ribbon  rolled  to  .OOOt"  thickness 
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types  of  permeability  tuners  are 
now  available  to  the  set  manufac¬ 
turer  and  distributor.  Types  A210 
and  A230  consist  of  a  tuned  antenna 
and  oscillator  circuit  with  a  tapped 
oscillator  coil  to  match.  The  type 
A260  replaces  a  single-section  ca¬ 
pacitor  and  antenna  coil.  Each  unit 
is  individually  packaged  with  com¬ 
plete  instructions  and  a  circuit  dia¬ 
gram. 


internal  wrenching,  self¬ 
locking  nut  by  Allen 


Strip  Cliart  Recorder 

Wheelco  Instruments  Co.,  847  W. 
Harrison  St.,  Chicago,  Ill.  The  Ca- 
pacilog  is  designed  for  the  measure¬ 
ment,  indication,  control,  and  per¬ 
manent  record  of  variables  in  the 
process  industries.  Operating  on 
116  or  230  volts,  25,  50,  or  60  cycles, 
it  is  available  in  a  wider  number  of 
models  using  a  variety  of  control 
systems.  Ma.ximum  power  consump¬ 
tion  is  60  watts. 


Literature 


(72) 

Testing  Equipment.  Hewlett-Pack¬ 
ard  Co.,  1513A  Page  Mill  Road, 
Palo  Alto,  Calif.  Eleven  new  instru¬ 
ments  developed  since  1945  are 
briefly  mentioned  in  a  folder  re¬ 
cently  issued.  They  include  volt¬ 
meters,  oscillators,  audio  and 
high-frequency  equipment,  for  test¬ 
ing  or  monitoring. 


This  new  internal -wrenching  nut 
HOLDS  with  a  weld-like  grip, —  itlf- 
/ori/ng  in  non -hardened  metals.  Knurled 
flutes  are  drawn  down  into  counterbored 
hole  as  the  screw  is  tightened  in  the  nut. 
Yet  easily  removed  without  damage 
to  nut  or  containing  parts  by  backing 
otf  on  screw  and  tapping  screw  on  head. 

Using  ALLESUTS  with  Allen  Socket 
Head  Cap  Screws,  the  positive  internal 
wrenching  action  of  Allen  Hex  Keys 
drives  fast.  Arm  set-ups  in  the  harder 
metals.  12 -point  (double-hex)  Allenut 
socket  gives  30“  of  wrenching  swing  — 
as  compared  with  a  normal  60“—  to  speed 
up  assembly  in  cramped  quarters. 

The  ALLESUT  sets  up  flush  to  achieve 
streamlined  surfaces,  it  facilitates  more 
compact  designs  with  resulting  econ¬ 
omies  in  space,  weight  and  material. 
Adds  immensely  to  the  finished  appear¬ 
ance  of  any  job  . . .  Precision-made  of 
special-alloy  steel  to  Allen  standards; 
threads  tapped  to  a  Class  3  At. 


(73) 

Wire  Recorder.  Magnecord,  Inc., 
304  West  63rd  St.,  Chicago  21,  Ill. 
A  brochure  describing  the  Magne- 
corder  professional  wire  recorder 
type  SD-1  indicates  overall  re¬ 
sponse,  distortion  curves,  and 
method  of  operation. 


(74) 

Ten-Turn  Pot.  Gibbs  Div.,  Geo. 
W.  Borg  Corp.,  Delavan,  Wis.  The 
Micropot  is  a  linear,  wire-wound 
potentiometer  that  can  be  supplied 
in  several  resistance  values  and 
finds  use  as  a  circuit  component  in  { 
Such  applications  as  servomechan-  ; 
Write  for  details. 


Ask  your  total  Industrial  Distributor  for  sam¬ 
ples  for  test  applications.  Available  only 
(hrouah  authorized  ALLEN  Distributors. 


isms. 


(75) 

Turntables.  Rek-O-Kut  Co,,  140 
Grand  St.,  New  York  13,  N,  Y.  Two 
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NOW- 
A  QUALITY 

2-KW  INDUCTION 
HEATING  UNIT 


new  folders  have  been  released  that 
describe  dual-speed  turntables, 
overhead  cutting  mechanisms,  and 
accessories  of  interest  to  audio  engi¬ 
neers. 


(76) 

Connectors,  Mines  Equipment  Co., 
4216  Clayton  Ave.,  St.  Louis  10,  Mo. 
Bulletin  MC107  describes  connect¬ 
ors  particularly  adapted  to  mining, 
railroad,  and  maritime  operations. 


(77) 

Electric  Plants.  D.  W.  Onan  & 
Sons,  Inc.,  Minneapolis  6,  Minn. 
Form  A-138  is  a  16-page  catalog 
covering  electric  plants 


ranging 

from.  350  to  35,000  watts  a-c.  In 
the  d-c  type,  selection  ranges  in 
115-volt  models  run  from  600  to 
10,000  watts,  and  in  230-volt  models 
from  3,500  to  10,000  watts.  Battery 
charging  plants  are  also  described. 


(78) 

Shipboard  Radar, 


Never  before  e  value  like  this  new 
2-KW  bench  model  "Bombarder"  or 
high  frequency  induction  heater  .  .  .  for 
saving  time  and  money  in  surface  hard¬ 
ening,  brazing,  soldering,  annealing  and 
many  other  heat  treating  operations. 

Simple  .  .  .  Easy  to  Operate  .  .  . 
Economical  Standardization  of 
Unit  Makes  This  New  Low  Price 
Possible 

This  compact  induction  heater  saves 
space,  yet  performs  with  high  efficiency. 
Operates  from  1 10-volt  line.  Complete 
with  foot  switch  and  one  heating  coil 
made  to  customer's  requirements.  Send 
samples  of  work  wanted.  We  will  ad¬ 
vise  time  cycle  required  for  your  par¬ 
ticular  job.  Cost,  complete,  only  $650. 
Immediate  delivery  from  stock. 

Scientific  Electric  Electronic  Heaters 
are  made  in  the  following  range  of 
Power:  I  -S-S-?'/}- 10-121/2-15-1 8-25-40-60- 
80-100-250-KW. — and  range  of  fre¬ 
quency  up  to  300  Megs,  depending  on 
power  required. 


Radiomarine 
Corp.  of  America,  76  Varick  St., 
New  York  13,  N.  Y.  Designed  for 
commercial  shipping  requirements, 
the  CR-101  shipboard  radar  uses! 
the  3.2-cm  shf  band  and  has  a  12-j 
See  Bulletin  MS-15 


At  last!  A  fixed  condenser  of 
plastic  film  having  extreme  high 
"Q".  Ideal  substitute  for  mica  or 
ceramic  capacitors,  where  sharp 
tuning  such  as  short  wave,  tele¬ 
vision,  F/M,  and  other  critical 
circuits  where  losses  must  be  at 
a  minimum. 


inch  c-r  scope, 
for  an  illustrated  description  com-| 
plete  with  dimensional  diagrams 
and  specifications. 


(79)  I 

Carrier  Communication  Units.  I 
Westinghouse  Electric  Corp.,  P.O. 
Box  868,  Pittsburgh  30,  Pa.  Book-' 
let  B-3882  illustrates  and  describes 
the  type  JY  power  .line  carrier 
equipment.  Included  are  the  two 
frequency  duplex,  manual  simplex,: 
and  automatic  simplex  transmitter-: 
receiver  assemblies  with  their  com-] 
ponent  parts. 


•  EXCELLENT  POWER  FACTOR 
-.001  -  .0029 

•  LEAKAGE  RESISTANCE 
Vi  MILLION  MEGOHMS 

•  LONG  LIFE  DURATION 

•  CAP.  FROM  .00005  to  3  MFD. 

•  VOLTAGES  FROM  500  to  10000 
VOLTS. 

•  AC/DC  up  to  75  C 

•  SI  in  TUBES;  S2  in  METAL  CANS 


(80) 

Tubing.  Superior  Tube  Co.,  Nor¬ 
ristown,  Pa.  A  15-page  folder  with 
quick  reference  chart  and  other 
data  on  various  types  of  fine  small 
metal  tubing  clearly  outlines  this 
company’s  services  and  products 
available  to  the  electronic  industry. 


Write  for  literature 
and  prices  to-day. 


Division  of 


S”  CORRUGATED  QUENCHED  GAP  CO. 

107  Monroe  St.,  Garfield,  N.  J. 
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S»4ALl  SITS 


WINCHESTER  ELECTRONICS  COMPANY  6  East  46th  Street,  New  York  17 

FOHMCHLY  THE  WINCHESTEH  CO 


(continiMd) 


new  products 


NEW 

PROCESS 

CUTS 

COIL 

WINDING 


chure  describing  products  used  in 
the  textile,  wire,  electrical,  and  plas¬ 
tics  industries. 
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Plastic  Tubing.  Wm.  Brand  &  Co., 
276  Fourth  Ave.,  New  York  10,  N. 
Y.  A  new  extruded  plastic  tubing 
type  REL-16  is  heat-resistant 
although  thermoplastic.  A  labor¬ 
atory  report  is  available. 


(83) 

High  Current  Resistors.  Ward 
Leonard  Electric  Co.,  31  South  St., 
Mount  Vernon,  N.  Y.  Sales  bulle¬ 
tin  35  describes  Edgeohm,  Barohm. 
and  Loopohm  resistors  for  high  cur¬ 
rent  applications. 


An  Mdwaiv*  Frwtion 


At  no  extra  cost,  all  Precision  tubes  are  now 
Di-Formed  under  heat  and  pressiue.  This 
means  1)  Greater  strength  at  no  increase  in 
weight.  2)  Automatic  stacking  made  possible. 

3)  Coils  need  not  be  formed  after  winding. 

4)  Cores  con  be  engineered  closer.  The  soring 
in  wire.  labor,  extra  operations;  and  the 
greater  coil  efficiency  can  readily  be  seen. 
Send  for  samples  of  Di-Formed  tubes,  and  new 
Mandrel  List. 


(84) 

Capacitor  Catalog.  Solar  Capaci¬ 
tor  Sales  Corp.,  1445  Hudson  Blvd., 
North  Bergen,  N.  J.  Catalog  SC-2  is 
the  complete  new  1948  offering  of 
capacitors  and  radio  noise  filters. 


PRECISION  PAPER  TUBE  CO. 

2041  WEST  CHARLES  STREET  CHICAGO  47,  ILL. 

Plant  #2  •  79  Chapel  St.  •  Hartford,  Conn. 
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Television  Studio  Equipment. 
Television  Projects,  Inc,,  24  Walnut 
St.,  Newark  2,  N.  J.  A  packaged 
television  rehearsal  studio  equip¬ 
ment  is  available  for  schools,  de¬ 
partment  stores,  or  as  auxiliary 
equipment  for  broadcasters  in  dem¬ 
onstration  programs.  Send  for  a 
6-page  brochure  that  lists  equip¬ 
ment  comprising  the  as.sembly. 


(86) 

Material  Inspection.  North 
American  Philips  Co.,  Inc.,  100 
East  42nd  St.,  New  York  17,  N.  Y. 
Entitled  “Inspecting  Incoming  Ma¬ 
terial”  a  folder  suggests  procedures 
to  be  followed  from  the  time  ma¬ 
terial  arrives  in  a  plant  until  it  is 
finally  accepted  or  rejected. 


(87) 

Television  Broadcasting.  Allen 
B.  Du  Mont  Laboratories,  Inc.,  42 
Harding  Ave.,  Clifton,  N.  J.  Two 
attractive  catalogs  have  recently  ap¬ 
peared,  one  covering  an  image 
orthicon  chain  and  the  other  the  so- 
called  master  series  television  trans¬ 
mitter.  Complete  details  and  speci¬ 
fications  together  with  illustrations 
will  make  it  easy  for  the  prospec- 


RECTANGULAR  CONNECTORS 


Currently  crvcdlable  with  18,  15  and  7  contacts,  these  lightweight 
connectors  are  designed  for  a  minimum  of  weight  and  size  while  retoin- 
ing  typical  WINCHESTER  features  such  os  MONOBLOC*  construc¬ 
tion,  melamine  insulation,  precision  machined  contacts  and  long 
creepage  paths.  Strain  relief  cable  clamps  available.  Send  for  Bulletin  A. 

'TraJnunk 
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NEW  PftODUCTS 


Fox  oil  high-tpood 

Rocoxding  roquiromonla 
whoro  PORTABIUTY 
and  ACCURACY 
,  .  ato  Raquiradi 


tive  broadcaster  to  choose  equip¬ 
ment  and  file  application. 
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F-M  Transmitter.  Radio  Engineer¬ 
ing  Labs.,  35-54  36th  St.,  Long 
Island  City  1,  N.  Y.  The  Quadri- 
line  10-kw  f-m  transmitter  is  pic¬ 
tured  in  a  4-page  brochure  that 
lists  its  principal  characteristics. 


(89) 

Church  Amplifiers.  Riggs  k 
Jeffreys,  Inc.,  73  Winthrop  St., 
Newark  4,  N.  J.  In  a  recent  12- 
page  brochure  the  many  units  and 
combinations  of  Electron  Bell  am¬ 
plifying  devices  for  churches  are 
described.  Also  included  is  a  full 
list  of  prices.  Installation  costs 
will  be  furnished  on  request. 


. . .  There 

only  one  answer. .  . 

The  Hathowny  Type  ^ 
S12-A  Oscillograph 

•  High-frequency  response 

•  12  elements 

•  Internal  Governor  Drive  Motor  *■  r 

•  0ear-driven  chart,  '/j  to  48  inches 
per  second 

e  Accurate  time  lines 

•  Automatic  record  length  control 

•  Consecutive  record  numbering 


(90) 

Recording  Equipment.  Rek-O-Kut 
Co.,  146  Grand  St.,  New  York  13, 
N.  Y.  Several  items  of  recording 
equipment  such  as  a  new  12-inch 
dual  speed  turntable  and  overhead 
cutting  mechanism  are  listed  in  a 
4-page  illustrated  catalog  sheet. 


SIMPLE  TO  OPERATE 
SMALL*LIGHT.WEIGHT 

WRITE  FOR  lUUETIN  SP  167-A 


More  Than  14  years 
of  know-how  and 
experience  in  every 
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Test  Speaker.  Coastwise  Elec¬ 
tronics  Co.,  Inc.,  130  North  Beau¬ 
dry  Ave.,  Los  Angeles  12,  Calif. 
Ferret  model  721  test  speaker  pro¬ 
vides  a  substitution  unit  that  can  be 
matched  to  any  output  transformer. 
A  sheet  also  describes  the  substi¬ 
tution  choke  and  capacitor. 


PYROFERRIC 
IRON  CORE 


(92) 

Supervisory  Systems.  The  Auto¬ 
call  Co.,  4747  Tucker  Ave.,  Shelby, 
Ohio,  has  released  a  new  catalog 
on  supervisory  systems  for  both 
public  utility  and  industrial  power 
plants.  In  it  is  described  the  print¬ 
ing  recorder,  which  automatically 
prints  a  complete  log  record  of  all 
station  operations  when  there  is 
trouble  or  when  an  unusual  condi¬ 
tion  of  equipment  is  involved.  Also 
included  are  various  styles  of  an¬ 
nunciators. 


Pyroferric  Iron  Cores  were  first 
made  in  1933  and  the  experience 
and  know-how  gained  in  each  suc¬ 
ceeding  year  are  inherent  in  every 
powdered  iron  product  today  pro¬ 
duced  by  the  P^oferric  Company, 
including:  a  full  line  of  standard 
sized  Powdered  Iron  Screw-Type 
Cores  of  varying  lengths,  with 
standard  threads,  as  well  as  a  com¬ 
plete  line  of  powdered  iron  cores, 
with  and  without  inserts. 


For  Powdorod  Iron  Coros  to  moot  your  tpoc'ifieo- 
tions,  oddross  your  inquiry  to 
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Millisecond  Relay.  Stevens-Ar- 
nold,  Inc.,  22  Elkins  St,  South  Bos¬ 
ton  27,  Mass.  The  high-speed  d-c 
relay  operating  at  less  than  a  milli- 
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BAAGfl-MTQIHATIONAl 


Dlmciitloiit 
24''x24"x72"  U«h 


EIGHT  HEAD 
HOT-CUT 

FURE  MACHINE 

• 

Automatic  throughout. 

Can  bo  tynchronizad 
with  automatic  Stam 
machina. 

Cutt  off  and  flarat  In 
ona  oparation. 

Production  1250  floras 
par  hour.  For  mlnia* 
tura  tiaras,  fluorat- 
cant  startars,  stan^ 
ard  slia  lamps,  fluo- 
rascant  and  radio 
tubas. 

RANGK  OP  MACHINI 
Glass  tubing 
27  to  45  gang* 

Laogtb  of  floras 
5  mm.  to  to  mm. 

Forms  floras  up  to 
47  mm.  diom. 

Nat  waight,  lbs. 
Gross  waight 
1450  lbs. 


INTERNAIIONIIL  MACHINE  WORKS 

Maanfocturars  *t  Hl§k  Vocram  Pumps.  Aufp* 
moHc  Maeklm^ry  tor  fncoodascanf  Lampt, 
fiactranle  Tubas  sluco  TflA. 

2027  •  46TH  STREET 
HORTH  RERREM,  M.  J.,  U.  S.  A. 

TcL  UNion  3-7412, 

Cabla  Addrass  “Intanaach”  North  Btritn,  N.  J. 


ULTRASONIC  APPARATUS 

FOR  RESEARCH  LABORATORIES 
and  INDUSTRIAL  DEVELOPMENT 


NEW  MODEL  B-SSO 

GENERATOR 

FEATURING:— 

if  COMPLETE  accessories  for  imme¬ 
diate  use,  crystals,  oil  bath,  power  sup¬ 
ply  etc. 

if  NEW  aqueous  immersion  crystal 
holder  for  ultrasonic  transmission  in 
non-insulating  mediums. 

if  HIGH  efficiency  transducer  re¬ 
sulting  from  improved  design  and  cor¬ 
rect  impedance  match. 

WRITE  FOR  INFORMATION 


— Our  Engineering  Dept,  wilt 
gladly  assist  you  in  all  ultra¬ 
sonic  problems. 

— We  manufocture  all  types 
of  special  quartz  crystals  to 
specification. 


PIEZO  PRODUCTS  CO. 

Whitney  St.  •  Framingham,  Mots. 


BOOKS 

FOR  THE 

ENGINEER 


UNDERSTANDING  MICROWAVES 
by  Victor  J.  Yeung 
(Chapter  Haodt) 

The  Ultra  High  Fraguancy  Cencapt 
Staflenary  Charga  and  it*  Fiald  •  Mag- 
natottoHct  •  Allaraoting  Currant  and 
lumpad  Conttonlt  •  Trantmittien  Linaa 
Poynling't  Vactar  and  AAoxwall't 
Equationt  •  Wovaguidaa  •  Ratonont 
Covitiaa  •  Antennas  •  Microwova 
Osciflatort  •  Radar  and  Cammunica- 
lian  •  Section  Two  is  davetad  to  de¬ 
scriptions  of  Microwave  Terms,  Ideas 
and  Thaorems.  Indau. 

400  PAGES  PRICE  $4.00 


Troofis*  on 

"High  Fraqwancy  Measuring  Tech¬ 
nique  Using  Transmission  Lines  " 
by  Ihraa  membars  of  Callins  Radio  Co. 
Rasawch  loborolery  of  Cedar  Ropids, 
Iowa.  64  pages,  $1 .50. 


AC  CALCULATION  CHARTS 
by  loranzan 

For  student  anginoars  or  practising 
engineers  for  whom  it  provides  an¬ 
swer  five  times  faster  than  slide 
tula . $7,50 


JOHN  F. RIDER  Publisher, Inc. 

40A  fOUPTM  AVENUE  NEW  YORK  16  N  Y 
Expoff  Rocxe  In^ernotionol  Corp 
13  E  40*h  Street.  New  York  Id,  N  Y. 


4  CHciJIo^roph  truces  on  70  mm.  pcptr 

K  (fC  G  0"o" u  c  c  :  r  r  c  c  G :  u  ^ 


-  v  ft 


(cover  removoo). 


BECOBDDIG 

TRiNsmrr  phenomena 

The  behaviour  of  moving 
parts  under  actual  work¬ 
ing  conditions  may  be 
studied  by  means  of 
standard  commercial 
oscillographs,  which 
translate  mechanical  or 
electrical  variations  into 
evanescent  traces  on  a 
fluorescent  screen. 
Avimo  cameras  record 
these  traces  on  contin¬ 
uous  film  or  paper,  so 
that  they  may  be  subse¬ 
quently  checked,  ex¬ 
amined,  and  measured. 

Write  for  full  details  of 
AVIMO  Cameras  includ¬ 
ing  types  with  built-ir. 
cathode  ray  tubes. 


AVIMO  Ltd.,  TAUNTON 

(Eng.)  Tal.  3434 

Dtsignert  and  Manufacturers  of 
Scientific  Camarat 
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APPLICATION-DESIGNED  RESISTORS' 


Specify 


second  has  been  further  improved 
with  a  shielding  coil  between  oper¬ 
ating  coil  and  contacts.  Catalog 
105A  gives  details  and  prices. 

(94) 

Industrial  Photoelectric  Equip¬ 
ment  Worner  Electronic  Devices, 
Rankin,  Ill.  A  10-page  catalog  is 
now  available  listing  various  types 
of  photoelectric  controls  for  indus¬ 
try.  Burglar  alarms,  combustion 
controls,  and  amplifiers  are  de¬ 
scribed. 


Where  high  mechanical  and  elec¬ 
trical  specifications  must  be  met. 


For  Complete  Catalog  and 
Specifying  information  on 
MYCALEX  400,  K,  &  410 
refer  to  pages  84-85  in  the 
1947  Mid-June 

BUYERS'  GUIDE  ISSUE 


WAFER  SOCKETS 
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Replacement  Transformers.  Crest 
Transformer  Corp.,  1834-36  W. 
North  Ave.,  Chicago  22,  Ill. 
Developments  and  refinements, 
resulting  from  extensive  war  pro¬ 
duction  research  on  replacement 
transformers,  are  refiected  in  a 
catalog  recently  issued. 


OF  ELECTRONICS 


27  years  of  leadership 
in  solving  the  most 
exacting  high  frequency 
insulating  problems 


MYCALEX  CORPORATION  OP 
AMERICA 

"Owners  of  ‘MYCALEX*  Patonts" 


(96) 

Coaxial  Switches.  Designers  for 
Industry,  Inc.,  2915  Detroit  Ave., 
Cleveland  13,  Ohio.  Several  tsrpes 
of  coaxial  switches,  their  vswr-fre- 
quency  curves  and  physical  char¬ 
acteristics  are  outlined  in  a  leaflet 
that  will  be  of  interest  to  all  engi¬ 
neers  using  coaxial  cables. 


Plant  and  General  Offices:  Clifton,  N.  J. 
Executive  Offices:  30  Rockefeller  Plaia, 
New  York  20.  N.  Y. 


Exacting  users  prefer  JOHNSON 
wafer  sockets  because  they  are  in¬ 
sulated  with  grade  L4  steatite  or 
better,  top  and  sides  are  glazed,  the 
underside  is  impregnated  against 
moisture.  Contacts  are  brass  with 
steel  springs,  cadmium  plated  and 
are  mounted  against  phenolic  wash¬ 
ers  in  molded  recesses  to  prevent 
movement.  Rivets  are  countersunk 
and  mounting  holes  bossed  to  per¬ 
mit  sub-panel  mounting.  Locating 
grooves  facilitate  tube  insertion. 

Illustrated  above  is  the  122-225,  a 
5  pin  socket  which  can  be  used 
with  such  tubes  as  the  807. 
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Laminated  Plastics.  General  Elec¬ 
tric  Co.,  Pittsfield,  Mass.  Complete 
information  on  the  manufacture, 
application  engineering  and  prop¬ 
erties  of  all  types  of  Textolite 
laminated  plastics  may  be  found 
in  a  new  64-page  booklet.  Listed 
therein  are  44  different  grades  of 
the  sheet  material  along  with  their 
electrical,  physical  and  mechani¬ 
cal  properties. 

Microwave  Catalog.  DeMornay- 
Budd,  Inc.,  475  Grand  Concourse, 
New  York  51,  N.  Y.  Available  to 
firms  in  the  electronic  and  allied 
fields  when  requests  are  made  on 
company  stationery  is  a  new  loose- 
leaf  catalog  describing  a  line  of 
microwave  test  equipment  for  the 
X  and  K  bands  as  well  as  standard 
components  for  the  X  band.  Sec¬ 
tions  1  and  2  of  the  company’s 
Electronics  Catalog  are  now  avail¬ 
able.  These  36  pages  are  devoted 
to  a  discussion  of  introductory 
concepts  to  microw'aves  that  engi¬ 
neers  will  find  useful  reading. 


Wl  S/S-S/S"  X  Z/U"  (Radial  Uod)  .01  Obn' 
min.  3,000  Olmi  max. 

WlA  S/O-S/O"  X  3/14"  (Axial  load)  .01 
Okmi  min.  3,000  Ohim  max. 


Additional  Types 

122-224,  4  pin,  for  tubes  such  as  the 
812  or  T40 

122-226,  6  pin  for  tubes  such  as  the 
T21 

122-227,  7  pin  medium,  for  tubes 
such  as  the  RK34 

122-217,  7  pin  small,  for  tubes  such 
os  the  6A7 

122-228,  octal,  for  tubes  such  as  the 
6L6  and  815 


New  Economy  Line! 

Here’s  a  new  line  of  resis¬ 
tors  priced  for  real  economy. 
Wire  wound  to  a  tolerance 
of  1%  —  higher  accuracy 
on  special  order  at  slightly 
higher  cost.  Write  today. 

INSTRUMENT 
RESISTORS  CO. 

1036  COMMERCE  AVE. 
UNION,  NEW  JERSEY 


Also  available  are  Giant  wafer 
sockets  for  transmitting  tubes,  of 
5  or  7  pin  bases,  sockets  incor¬ 
porating  a  base  shield,  and  Super 
Jumbo  4  pin  base  sockets. 


E.  F.  JOHNSON  CO.  WASECA,  MINN 
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HERE  S  THE  IDEAL  PAIR  FOR  HOME 
RECORD  CUTTING. 

Am  RECORDING  HEAD;  Rising  high 
frequency  response  reduces  the  losses 
common  to  R.  F.  circuits. 

D97R  RECORDING  MECHANISM  has  pan- 
tographic  movement,  head  tangent 
to  groove,  and  other  exclusive  ad¬ 
vantages.  For  manufacturers  only. 

UNIVERSAL 


UNIVERSAL  MICROPHONE  CO^ 

Inglewood  Canfornia 


•  Specialists  in  the  production  of 
highest  grade  Alnico  Magnets. 

•  Production  and  material  rigidly  inr 
spected  to  assure  highest  uniform 
quality. 

•  Castings  made  to  order  irom  cue* 
tom'er's  blueprints  or  sketches. 

•  Iniormation  cmd  suggestions  sup- 
plied  on  request. 

ManiifacfHrert  of  HIgk  Coorclvo  Mogootlc  AMnyt 

10001  ERWIN  AVENUE 
DETROIT  5,  MICHIGAN 

MAGNETIC  CORPORATION 


ARGON 

HELIUM 

KRYPTON 

NEON 

XENON 


and  Standard  or  Special 

MIXTURES 

Unde  rare  gases  are  spectroscopically 
pure — argon,  helium,  neon,  and  standard 
mixtures  are  available  in  one*  and  two- 
liter  glass  bulbs  and  in  cylinders;  xenon 
and  krypton  are  available  in  liter  and 
fractional-liter  bulbs. 

Th*  word  "Undo"  l>  a  trado-mark  of 


The  Linde  Air  Products  Company 

Unit  of  Union  Cc  bide  and  Carbon  Corporation 

30  East  42nd  St.  PTiQ  N#w  York  17,  N  Y. 


STILL  UNQUESTIONABLY  THE  EINEST 

The  COLLINS  Custom  Built  FAlj AM  Tuner 

#This  tuner  has  received  wide  acclaim  throughout 
the  country  as  the  best  medium  for  reception  of 
and  AM  broadcasts.  Many  extra,  personal  acces¬ 
sories  may  be  ordered  with  the  tuner  to  make 
it  exactly  what  you  want.  Its  17  tube  circuits  em¬ 
ploy  Armstrong  FM,  full  complement  of  vacuum 
tubes,  self-contained  power  supply  and  latest  cir¬ 
cuit  developments.  Write  for  full  information 
about  this  marvelous  product. 

COlllNS  AUDIO  PRODUCTS  CO.,  INC. 

126  PARK  ST.,  WESTFIELD,  N.  J. 

Telephone:  VTestfieU  2-4390 


THE  KEY  TO  PRECISION^ 
Made  to  Order 

QUADRIGA  WASHERS 

To  Your  Specifications 

Insure  that  your  washers  are  made  to  fit  your  individual 
requirements.  Send  specifications  or  samples  lor  estimate 
without  obligation.  Any  quantity,  large  or  small,  will  re¬ 
ceive  prompt  attention.  Also,  SMALL  STAMPINGS. 

SEND  FOR  CATALOG 

THE  QUADRIGA  MFG.  CO. 

since  1894 

221 A  W.  Grand  Avenue  Chicago  10,  III. 
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cil  of  Hollywood,  under  the  co- 
chairmanship  of  John  K.  Hilliard 
of  Altec  Lansing  Corporation  and 
J.  W.  *Bayless,  chairman  of  the  sub¬ 
committee  on  processing  standards. 

Joint  meetings  of  the  Club  and 
Council  have  already  produced  a 
body  of  recommended  standards  as 
well  as  the  first  of  a  series  of  ques¬ 
tionnaires  to  be  reprinted  and  cir¬ 
culated  aipong  all  organizations  af¬ 
fected  by  the  standardization  proj¬ 
ect.  First  questionnaire  to  be  sent 
out  is  a  glossary  on  disc  recording 
and  processing  terms,  entitled  “List 
of  Preferred  Terms  for  Disc  Re¬ 
cording.” 


Rochester  Fall  Meeting 


Committee  activities  of  the  IRE 
and  RMA  for  the  1947-48  season 
got  into  full  swing  at  the  Rochester 
Fall  Meeting  held  November  17-19 
with  an  attendance  of  856.  Of  most 
direct  and  current  interest  to  radio 
manufacturers  is  the  liaison  pro¬ 
vided  by  the  RMA  Safety  Commit¬ 
tee  with  the  Underwriters  Labora¬ 
tories.  Until  U.L.  has  revised  their 
recommendations  to  embrace  fea¬ 
tures  found  in  a-c/d-c  and  tele¬ 
vision  receivers,  the  Safety  Com¬ 
mittee  will  endeavor  to  reconcile 
safety  requirements  with  design 
trends. 

Much  technical  information  on 
receiver  and  instrument  design  was 
presented  in  the  16  papers  of  the 
six  well  attended  technical  sessions. 
However  the  chief  function  of  the 
Fall  Meeting  is  to  provide  an  infor¬ 
mal  and  sociable  opportunity  for 
engineers  to  exchange  views  in  and 
out  of  committee  sessions.  Topics 
of  conversation  tended  toward  use 
of  miniature  tubes,  persisting 
scarcity  of  l/asic  materials  (espe¬ 
cially  steel  and  copper).,  the  grow¬ 
ing  cost  of  production,  and  the  ex¬ 
pansion  of  teievisioEt. 

At  a  nontechnical  session  E.  F. 
Carter  of  Sylvania  EUectric  Prod¬ 
ucts  examined  the  responsibilities 
of  engineers  in  today’s  economy. 
The  full  attendance  and  numerous 
comments  from  the  floor  indicated 
that,  although  engineers  are  of 
many  different  opinions  on  the  sub¬ 
ject,  they  all  recognize  the  impor¬ 
tance  of  individual  participation  in 
shaping  national  and  local  policies. 

F.  S.  Barton,  representing  Brit- 
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ROI 


PHILA 


ELECT 


When  you  use  these  tough,  light¬ 
weight  and  inexpensive  parts, 
you  build  their  many  advantages 
into  your  own  product.  Fabri¬ 
cated  to  order,  BAER  FIBRE 
washers,  special  shapes,  terminal 
boards,  and  other  parts  are  ac¬ 
curately  and  uniformly  produced 
to  spediication  in  any  quantity. 
Selection  of  grades  by  physical 
and  electrical  qualities,  permits 
application  -to  a  wide  range  of 
operating  conditicms  and  require¬ 
ments.  Investigate  now! 


UTSRATURB  ON  REQUEST 

N.  S.  BAER 
COMPANY 

MONTGOMERY  ST.,  HILLSIDE,  N.  J. 


CUST01M-6UILT 

TRANSFORMERS 

AND  ELECTRICAL  COILS 


Over  25  years  experi¬ 
ence  in  the  manuiactnre 
of  specials  at  cost  that 
compares  favorably 
with  standard  types. 
Built-in  quality  proved 
by  years  of  actual  use. 


PROMPT  DELIVERIES! 


NOTHELFER 

WINDING  LABORATORIES 

9  ALBERMARLE  AVE.,  TRENTON  3,  N.  J 


COMPLETE  UNIT 

NOW  $375.66  FOft  PHILA. 

CHASSIS  —  CABINET  —  LATERAL  TONEARM 
WITH  G.E.  CARTRIDGE 

IMMEDIATE  DELIVERY 


WRITE  FOR  BULLETIN 

'WHAT  CHIEF  ENGINEERS  SAY' 


s^€i6a%ato%U^ 


2022-24  SANSOM  ST. 
PHILADELPHIA  3,  PA.  lOcutt  7-4731 


lennim 


From  Milliwatts 
To  Kilowatts 


To  simplify  the  solution  of  your  AC-DC  power  re¬ 
quirements,  Benwood-Linze  offers  you  a  quarter 
century  of  development  and  research  experience  in 
the  field  of  metallic  rectifiers  and  their  application. 

Tell  us  your  problems.  Consult  us  without  obliga¬ 
tion. 

Manufacturers  of  Selenium  and  Copper 
Sulphide  rectifiers,  rectifier-transformer  as¬ 
semblies  and  AC-DC  power  supply  units 
for  every  requirement. 


THE  BENWOOD-LINZE  CO. 

Division  of  the  Sperry  Corporation 

1815  Locust  St.  St.  Louis  3,  Mo. 

Long  Distance  Telephone  CEntral  5830 


DEPENDABILITY 
KNOW  HOW 

Serving  the  Trade 

SINCE  1925 

Us 


H.  L.  DALIS,  Inc. 

Distributors  of 

radio  &  ELECTRONIC  SUPPLIES 
17  Union  Squars  •  New  York,  N.  Y. 

Phonti:  AL^onquin 


SMALL  PARTS 

niaments,  anodes,  supports,  springs,  stc. 
for  electronic  tubes.  Small  wire  rtwrf  flat 
metal  formed  ports  to  your  prints  for  your 
assemblies.  Double  pointed  pins.  Wire 
straightened  and  cut  diameter  up  to  Vh- 
inch.  Any  length  up  to  12  feet. 

LUXON  fishing  tackle  accessories. 
Inquiries  will  receive  prompt  attention. 

ART  WIRE  AMD 
STAMPING  CO. 

227  High  St.  Newark  2.  N.  I. 


MUCH  MORE  THAN  “JUST  A  SCREWDRIveR” 

1  XCEUTEl  4.  Preclilon-iround  bl.d.i  ot 

«  itrMunliiied  hsndlM  CHBOMB- VANADIUM  STEEL! 

*■  5.  Mar-proof,  brwk-proof  handlw! 

4  xrELTTE  handles  realit  Are  and  6.  Moderately  priced  I  See  your  dealer 
shock!  "rtte  us. 

•  Ortpinotor*  —  \of  imfiaior* 


SERVICE 


PARK  METALWARE  CO.,  INC. 

J  Deot.  C  Orchard  Pork,  New  York 

U  PREFERRED  BY  EXPERTS 

‘FIRST  TO  USE  PLASTIC  FOR  SCREWDRIVER  HANDLES 
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■ATTERY  EUMINATORS 
r«-  dimonstratino  mr 

TISTIN«  AUTO  RADIOS 
N«w  Models  .  .  .  DMiqa^d  ior  TmI- 
Ing  D.C.  Dactrical  Apparatus  on 
Rsigulor  A.C.  Linos.  Bquippsd  with 
Fnu-WoT*  Dry  Disc  Typo  llsctiiisr. 
Assuring  Kolsslsss,  Intsrisrsncs- 
Prss  Oi^rotion  and  Extrsms  Long 
Uis  and  Bsliobility. 

•  SIhBiiiatss  Storags  Battsriss  and 
Bottsry  Chargors. 

•  Oporotos  Iho  Equipmont  at  Maxi- 
Baum  EUicioney. 

•  Fully  Automatic  and  Fool-Prooi. 

■  Typs  60-ELlA  .  .  .  Rotod  Output 
•4  Volts  at  (4  Amporos. 

Donlor  Not  Prioo  $22.t0 

•  Typo  IMC — EUO  .  .  .  Ratod  Out¬ 
put  t.3  Volts  at  14  Amporos. 

.Bssisr  Not  Moo  $37.20 


For  lovortiog  D.  C.  to 


Socially  Dosignod  lor  Oporoting 
A.C.  Radios,  Toloolsion  Sots,  AmpU- 


AUTO 

RADIO 

VIBRA- 

TORS 


Dosignod  ior  Uso  in  Standard  Vibra- 
tor-Oporatod  Auto  Radio  Rocoioors. 
Built  with  Prodsion  Construction  ior 
Longor  Lasting  Liio.  Pricos  oro 
opp.  1S%  lowor. 


STANDARD 
AND  HEAVY 
DUTY 
INVERTERS 


Hors,  Addross  Systi 
Tost  Equipmont  nei 
in  Vwclos.  Mps,  ' 
and  in  D.C.  Districts. 

WrH»  for  Now  AYR  CstsisB  Tsdoyt 


oms.  and  RcnUo  / 
D.C.  Voltagos  / 
Trains,  Pianos  / 
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ish  radio  interests,  spoke  at  the 
Fall  Meeting  Dinner.  British  radio 
effort,  he  said,  is  being  directed  to¬ 
ward  developing  lighter  equipment 
for  use  on  remote  broadcast  pickups 
and  improving  existing  facilities. 
Next  day  he  showed  a  motion  pic¬ 
ture  of  robot  manufacture  of  an  in- 
exxiensive,  single  channel  receiver 
for  the  British  export  trade.  Most 
of  the  technical  papers  have  or  will 
shortly  be  published  in  radio  maga¬ 
zines. 


Chicago  Conference 

More  than  2400  electronic  engi¬ 
neers,  technicians,  educators,  and 
students  registered  to  attend  the 
sessions  of  the  National  Electronics 
Conference  which  was  held  Novem¬ 
ber  3,  4,  and  5  at  the  Edgewater 
Beach  Hotel  in  Chicago,  according 
to  final  figures  from  the  Conference 
Committee.  At  this  meeting,  78 
papers  were  presented,  and  the 
products  and  publications  of  44 
manufacturers,  publishers,  and  or¬ 
ganizations  were  displayed. 

Activities  were  opened  with  a 
general  meeting  presided  over  by 
W.  L.  Everitt,  head  of  the  electrical 
engineering  department  at  the  Uni¬ 
versity  of  Illinois  and  executive 
vice-president  of  the  conference.  At 
this  general  meeting,  George  D. 
Stoddard,  president  of  the  Univer¬ 
sity  of  Illinois,  stated  that  we  can¬ 
not  escape  from  science  and  tech¬ 
nology — that  the  choice  before  us 
is  one  of  “science  and  civilization 
versus  science  and  destruction”. 
Speaking  next,  L.  V.  Berkner  of 
the  Joint  Research  and  Develop¬ 
ment  Board  pointed  out  that  future 
developments  in  our  field  will  lie  in 
the  solution  of  "systems  problems”. 
As  examples,  he  cited  the  need  for 
general  solutions  to  the  problems  of 
safe  air  navigation  and  rail  freight 
dispatching.  Recognizing  that 
some  systems  problems  can  be  of 
too  large  magnitude  to  be  dealt  with 
by  one  organization,  he  urged  the 
industry  voluntarily  to  form  com¬ 
bined  research  groups. 

Of  the  exhibits  of  equipment,  45 
percent  included  components  and 
equipment  useful  for  both  communi¬ 
cations  and  general  industrial 
users; -80  percent  exhibited  appar¬ 
atus  sp^ifically  designed  for  com- 


Quick,  Easy 
Installation! 


It's  a  fact!  Tbit  new  tweeter  gives  you 
full  range  reproduaion  right  up  to  19,000 
cycles  when  used  in  conjunction  with  any 
standard  cone  speaker. '  Quickly  attaches 
to  the  voice  coil  terminals  of  your  pres¬ 
ent  cone  speaker  through  a  simple,  inex¬ 
pensive  high  pass  filter.  Available  in 
handsome  walnut  cabinet  or  in  single  or 
dual  unit  unmounted  types.  Prices  from 
$20.00.  For  details  write  today  to  UNI¬ 
VERSITY  LOUDSPEAKERS,  INC.,  80 
South  Kensico  Avenue,  White  Plains, 
New  York. 


Hundreds  of  standard 

s 

TERMINAL  PANELS 

Complete  equipment  for 

^  SPECIALS 


Several  pages  of  Jones 
Catalog  No.  16  illustrate 
standard  and  special  pan¬ 
els  we  are  constantly  pro¬ 
ducing.  Latest  special 
equipment  enables  us 
promptly  to  produce  prac¬ 
tically  any  panel  required. 
Send  print  or  description 
for  prices,  without  obliga¬ 
tion.  Hundreds  of  standard 
terminal  strips  also  listed. 
Send  for  Catalog  with  ert- 
gineering  drawings  and 
data. 

JONES  MEANS 
Provee  QUALITY 


HOWARD  B.  JONES  DIVISION 

Cinch  Mfg  Corp 

2460  W  GEORGE  ST  CHICAGO  18  III 


Send  your 
specifications 
for  prompt 
I — quotation — . 
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Inadequate  Coverage 


Many  a  product,  too,  is  left  out  in  the  cold 
due  to  inadequate  coverage!  The  easy, 
economical  method  of  dressing  up  most 
every  type  of  merchandise  is  through  the 
use  of 


CsUuUui/JU 


FLOCK 


You'll  notice  appreciable  gains  in  stepping  up  pro¬ 
duction  in  your  finishing  department  ...  at  the 
same  time  you'll  find  finishing  costs  held  to  a 
minimum.  Why?'  Because  Cellusuede  Flock  is 
easily  applied  with  conventional  spraying  equipment,  and  it  covers  up  to 
100  square  feet  of  surface  per  pound.  Cellusuede  Flock  presents  a  rich 
appearance,  has  a  velvet-like  "feel"  soft  to  the  touch.  It  is  your  answer 
to  practical  coating  packed  with  plenty  of  sales  appeal. 


Send  for  Booklet, 
Prices.  Samples  Today 


111 


High  Quality 

MAGNETIC 
IRON  CORES 


FROM 

f  /  1000  CPS  %  ^ 

MEGACYCLES 


as  a  source  of  pre- 
cision  -  made 
WASHERS  and 
STAMPINGS 
CUP  WASHERS  manufactured  to 
for  Binding  Screws  y®"' 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  Blvd.  Detroit  16,  Michigan 


Pioneer 
and  largest 
Manufacturers  of 

DUMBELL 
IRON  CORES 


Let  our  mngineers  hmtp  de- 
•ign  high  quality  coila  to  meat 
the  days  exacting  requiremente- 


Address  all  inquiries  to 

MAGNETIC  CORE  CORP. 

1 42  South  Highland  Ave.,  Ossining,  N  Y. 
_  Telephone,  Ossining  222 


TRANSFORMERS  -  COILS 

Any  or  tJl  Typeg  built  to  individual  apeeifieations 
RESEARCH  -  DESIGN  .  PRODVCTION 
Single  Item*  or  Quantity  Production 

GOSLIN  ELECTRIC  AND  MANUFACTURING  CO. 

2921  WEST  OLIVE  STREET  BURBANK,  CALIFORNIA 
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The  JAMES  KNIGHTS  CO 

SANDWICH,  ILLINOIS 
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munications  applications,  including 
three  wire  recorders  and  one  tape 
recorder;  20  percent  displayed 
equipment  for  laboratory  or  test 
purposes;  5  percent  of  the  exhibits 
showed  purely  industrial  applica¬ 
tions. 

Among  papers  attracting  wide 
attention  were  H.  H.  Scott's  discus¬ 
sion  and  demonstration  of  his  dy¬ 
namic  noise  suppressor  (Elec¬ 
tronics,  December  1947) ,  a  descrip¬ 
tion  and  striking  demonstration  of 
an  ultrasonic  device  for  guidance 
of  the  blind,  by  F.  H.  Slaymaker  and 
W.  F.  Meeker  of  Stromberg-Carl- 
son,  and  a  paper  on  the  capacitron 
— a  device  for  projecting  high- 
velopity  electrons  in  air — ^and  its 
efficacy  in  preserving  food,  pre¬ 
sented  by  Wolfgang  Huber  of  Elec- 
tronized  Chemicals  Corporation. 


VOLTS  • 

OHMS 

MILS 

DECIBELS. 

AMPERES 

MICROAMPERES 


with  the  NEW  Precision 
MnltiMaster 

Series  858 


on  on  Emergency  Truck 

Here's  the  ideal  Aetenno  for  emergeiicy 
stations  such  os  Hro,  police,  water  and 
other  services.  Tnlly  coliopsible  and  ad- 
justabie,  they  may  be  bad  in  extended 
lengths  up  to  35  feet,  coliapsing  to  ( 
feet.  In  use  by  municipalities,  government 
and  military  services. 

Ask  Your  Radio  Jobber 


20,000  and  1,000  ohms 
per  volt 

High  speed,  54  range,  dwal>higli  sen* 
sffivify  AC-DC  de-luxe  multi-range 
test  set.  Ranges  to  6,000  volts  —  600 
megohms  —  13  omperes  —  70  DB  — 
60  microamperes. 


Airline  Uses  ILS 

As  A  further  step  toward  greater 
regularity  of  airline  flights,  United 
Air  Lines  has  completed  arrange¬ 
ments  for  use  of  manual  instrument 
landing  approach  procedures  (ILS) 
in  its  regular  operations,  effective 
November  15. 

All  500  of  United’s  flight  cap¬ 
tains  have  been  checked  out  in  the 
use  of  ILS,  and  necessary  glide  path 
and  localizer  receivers  and  cross¬ 
pointer  instruments  have  been  in¬ 
stalled  in  the  company’s  fleet  of  125 
Mainliners. 

Although  ILS  is  designed  to  per¬ 
mit  landings  under  conditions  of 
reduced  ceiling  and  visibility.  Uni¬ 
ted  does  not  propose  lowering  its 
minimums  until  greater  ILS  oper¬ 
ational  experience  is  obtained, 
probably  sometime  after  the  first 
of  the  year. 

A  total  of  21  airports  along  Uni¬ 
ted’s  coast-to-coast  and  Pacific 
Coast  system  have  been  equipped 
by  the  CAA  for  ILS  operations. 


Dir.  Chisholm-Ryder  Co.,  Inc. 

4810  Highland  Ava.  Niagara  Falls,  N.  Y. 


AutooKrtle  paah  batton  range  and  func¬ 
tion  Mloetioii  •  A  suparsanuitivu  iMt  Mt 
portienlarlT  ongbiwarad  for  raliobU,  high 
■pood  moasaromants  la  modarn  aluctroiuc 
circoita  •  Easy  roadiag,  4Vh"  matur  •  All 
stendard  fuacUona  cri  oaly  two  tip  lacks. 
600  mogohai  iasulotioa  rasistoncs  tost 
roag#  •  Rocassad  6,000  volt  salsty  lacks 
Etehod-Aaodisod  aluailnum  poaals. 

RANGE  SPECIFICATIONS 

'A'  6  tripl#  duty  voltags  roagos  to  6,000 
volts.  Initial  roaga  0-9  volts. 

20,000  AND  1,000  ohnu  par  volt  DX., 
1.000  ohms  par  volt  A.C. 
fY  6  D.  C.  currant  roagos  from  040 
micro-amps  to  12  omps. 

A  6  ohmatar  roagos  to  600  mogoluns. 
it  6  D.B.  roagos  from  — 26DB  to  -|-70  DB 
fir  6  outout  roagos  to  6.000  volts. 

Modol  iSB-L;  modorn.  shallow,  bokolito 
laboratory  typo  caso. 

sUo  7%  X  6%  X  a . 447.94 

Modol  t5B-R;  portablo.  hardwood  coso 
with  tool  eomportmont  and  covor.  siso 

aVs  X  10  X  4V^ . 449.94 

(comploto  with  battorios  and 
High  Voltago  tost  loads) 


JK  STABILIZED  H18 


Froquoney  Bongo . 60  kc  to  2  me. 

6-prong  oetol  baso.  Hormoticolly  soolod, 
can  bo  ovocuotod  or  gos-fiUod. 

Soparato  pin  for  grounding  shoU. 

Will  stemd  maximum  vibration  and 
choagos  of  tomporoturo. 

Crystal  is  platod  and  wiro  mountod. 

As  many  as  3  crystals  mcry  bo  mountod 
in  this  holdor. 


ASX  to  soo  tho  "Prodsion"  lino  of  Quality 
Tost  Instrumonts  oa  display  ot  aU  loading 
radio  ports  and  oguipmont  distributors. 
Signed  Gonorafors.  V.T.  VAC'S  Tubs  Tost- 
ors.  Multircmgo  Tost  Sots.  otc. 


Marine  Corps  Needs 
Electronics  Technicians 

Former  electronics  technicians  in 
the  Marine  Corps  who  have  been 
discharged  since  September  1,  1945, 
can  now  re-enlist  at  the  same  rank 
held  at  .the  time  of  discharge.  The 
only  exception  is  in  the  case  of  mas- 


Export  Divlslos,  456  Broadway.  Nov  York  City 
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A  copy. 


Capitol  Radio 
Engineering  Institute 


An  Accredited  Technical  Institute 

16th  and  Park  Rd.,  N.  W. 

Dept.  P-l 

^  Washington  10,  D.  C. 

^  Home  Study  and  Residence 

Courses  in  Practical  Radio- 
^  1^^  Electronics  and  Television. 

*'  '  Approved  for  Veteran  Training. 


EISLER 

ELECTRICAL  &  ELECTRONIC 

E9UIFMENT 

ELECTRONIC  TUBE  EQUIPMENT 

24  HIAD 
RADIO  TURI 
RXHAUSTINO 


•  .Noiseless  in  operation 

•  Strong  and  durable 

•  Good  performance  in 

all  climates 


Monufactur* 
Of  IncandM- 
canf  Lamps 
Radio  and 
Elactronic 


SclentlBcally  componndnd  for  specific  applications  from  waxes,  resins, 
asphalts,  pitches,  oils,  and  minerals.  Available  In  wide  ranire  of  mellinir 
points  and  hardnesses.  Special  pottlnic  compounds  are  beat  conducting  and 
crack  resistant  at  extremely  low  temperatures.  Recommendations,  specltle 
data,  and  samples  will  be  furnished  on  request. 


IMPkCGNATING 
radio  coils 
transformer  coils 
Ifnition  coils 
wiro  coverinis 
paper  tubes  and  farms 
porous  ceramics 
DIPPING 
Coils 

Transformw 


SEALING 

condensert 

batteries 

switch  base  terminals 
socket  terminals 
lipht  fixtures 
POTTING 
Radio  Transforaon 
Lipht  Units 
Loadinp  Coils 


3IWA*. 


Sizot  Va  To  250  KVA 

SPOT  WELDERS 

OP  ALL  TYPES 
FOR  AU  PURPOSES 
SIZES  Ve  to  2S0  KVA 
•srtt  WoMort  •  Oaa  Woldorp 
Arc  Woldorp 
Noon  Siqo  UoHp 
Flooroteonf  Tubo 
Monofoetorlag  Eqoipmont 

CHAS.  EISLER 

EISLER  ENGINEERING  CO..  INC. 

m  So.  I3th  St.  (Near  Avon  Avo.),  Newark  3.  N.  J. 


ELECTRONICS  —  January,  1948 

A 


STANDARD  RANGE 
1000  ohms  to  10  mogohmt 
•  NOISE  TESTED  • 

At  pliqlit  odditloaol  cost,  rosistors  In  tho 
Standard  Roaqo  ore  suppliod  wlHi  onefc 
rosiptor  noipo  totted  to  the  followiisq  pton^ 
,ard:  "For  the  eoasploto  audio  troqooacy 
roaqo,  rosiptor  shall  hove  less  noiso  thoa 
corrotpoads  to  a  ekoaqo  of  rotisHinco  of 
1  port  in  1,000,000." 


S.S.WHITE 


15  to  1,000,000  megohms 


THE  S.  S.  WHITE  DENTAL  MFC.  CO. 


INDUSTRIAL 


DIVISION 


DIPT.  R.  10  EAST  40th  ST..  NtW  YORK  •«.  N.  T.. 

PUIIMI  SMAm  •  fUXIME  SNAFT  lOOIt  •  AliCtASt  ACCEISOeitf 
SISAIi  cwiltwa  AN»  OtlMWIta  lOOlS  •  SFECIAI  FOtMUiA  RIMMIS 
«QIM»  MMSfOeS  •  flAillC  SFKIAIVm  •  COOSflAa  nASfICS  MOHIIH 


3445  HOWARD  STREET 

SKOKIE,  ILLINOIS 


Otte  /4mentccCA  A  AAA 


Condensers  Condensars 

BIWAX  CORPORATION 


LEGRI  S  COMPANY,  Inc. 


846-850  Amsterdam  Avenue 
New  York  25,  N.  Y. 


.  '  -M 


7^  fW-Wedt^ 


**Where 

Professional 

Radiomen 

Study” 


TRANSFORMERS  OF  ALL  TYPES 


for 

LIOHTINO 
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NEWS  OF  THE  INDUSTRY  (cMtinucd) 

ter  sergeants  inactive  for  more  than 
24  hours,  who  will  be  reappointed 
to  the  grade  of  technical  sergeant. 

Greatest  need  is  for  former  Mar¬ 
ines  with  the  following  specification 
serial  numbers:  648,  signal  elec¬ 
trician  ;  649,  radio  technician ;  759, 
radio  technician,  vhf ;  774,  airborne 
radar  technician;  775,  radar  tech¬ 
nician  ;  878,  radar-radio  technician, 
aviation; *879,  radar-radio  repair¬ 
man,  aviation. 


BUSINESS  NEWS 

Technical  Appliance  Corp.  has 
moved  from  Flushing,  N.  Y.  to  its 
own  plant  building  at  Sherburne, 
N.  Y.  with  over  80,000  square  feet 
of  space  for  production  of  TACO 
antennas  and  systems,  as  well  as 
radio-electronic  specialties. 


General  Electric  Co.  announces 
installation  of  two-way  f-m  radio 
communication  equipment  on  four 
ferryboats  and  at  land  terminals 
of  the  Chesapeake  Bay  Ferry  Sys¬ 
tem,  near  Annapolis,  Md. 


NEW  .  .  .  the  MULTI-PURPOSE 
STEP-DOWN 
TRANSFORMER 


ELECTRAN 


International  Instruments,  Inc., 
New  Haven,  Conn.,  has  been  formed 
from  the  Instrument  Division  of 
the  M  B  Mfg.  Co.  for  production  of 
a  specialized  line  of  midget  meters 
and  allied  equipment. 


THE  KNURLED  CUP  POINT  DOES  IT 


MAKES  THE 


KM.  U.  S.  KAT.  OPP. 


RArO  ft  PATS.  PEND. 


SOCKET  SET  SCREW  a  Self-Locker 

And  that  knurled  cup  point  digs-in  and  "sfoys  dug" — regardless  of  the 
most  chattering  vibration  .  .  .  yet,  the  "Unbrako"  Self-Locker  can  be  used 
over  again  ond  again!  Sizes  from  #4  to  Wi"  in  a  full  range  of  lengths. 
For  full  information  on  this  ond  other  "Unbrako"  Socket  Screw  Products,  ask 
for  your  copy  of  the  "Unbrako"  Catalog. 

"Unbrako"  Products  are  sold  entirely  through  Industrial  Distributors. 


Knurling  of  Socket 
Screws  originated  with 
"Unbrako”  in  1934. 


OVER  45  YEARS  IN  BUSINESS 


STANDARD  PRESSED  STEEL  CO. 

JfNKINIOWN,  PfNNA  t  ^ »  IQ'  B«ANCHIS  tOSION  •  CHICAGO  •  DETSOII  •  INOtANAPOtlS  •  ST  lOUlS  •  SAN  FBANCISCO 


ONE  TRANSFORMER  OR  THREE  — 

OPERATES  FROM  230  and/or  460  V.  LINES 

1*  Permits  use  of  combination  power  and 
light  circuits  —  one  entrance  service  —  one 
meter  —  one  central  conduit  to  run. 

2.  Allows  maximum  power  distribution  on 
minimum  sizes  of  wiring — smaller  conduit  runs 
result  in  installation  cost  savings. 

3*  Old  installations  can  be  made  to  handle  greater  loads  by  increasing 
voltages  at  the  distribution  panel  and  installing  step-down  transformers 
at  machines  or  other  power  take-off  points. 

4.  Permits  115/230  volt  single  phase  lighting  circuits  to  be  operated 
direct  from  3  phase  460  volt  mains. 


Sperry  Products,  Inc.,  manufac- 
facturers  of  ultrasonic  and  elec¬ 
trical  nondestructive  testing  and 
measuring  instruments  and  rail 
flaw  detector  cars,  will  move  its 
manufacturing  plant  and  general 
offices  from  Hoboken,  N.  J.  to  Dan¬ 
bury,  Conn,  when  construction  of 
their  new  building  is  completed  dur¬ 
ing  the  summer  of  1948. 

Radio  Condenser  Co.,  Camden,  N. 
J.,  has  acquired  the  business  con¬ 
ducted  until  now  by  its  affiliate, 
Western  Condenser  Co.,  Watseka, 
Ill. 


5.  Results  in  savings  when  power  is  bought  at  higher  voltages — less 
copper  line  loss  is  experienced. 

WRITE  FOR  BULLETIN 


;  J 

B 

lECTRAN  M 

FG.  Co. 

4589  ELSTON 

AVE. 

CHICAGO  30,  ILL. 

Airadio  Inc.,  Stamford,  Conn.,  an¬ 
nounces  a  change  of  ownership  and 
management,  wherein  Jay  Sullivan 
succeeds  J.  B.  Cobrain  as  president 
and  treasurer. 

Electronic  Measurements  Corp. 
has  moved  to  new  and  larger  quar¬ 
ters  at  423  Broome  St.,  New  York 
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news  of  the  industry  (continued) 

City,  and  will  enlarge  its  line  of 
electronic  test  equipment  and  in¬ 
struments. 

Vangtronic  Corporation  now  has 
its  general  offices  and  development 
laboratory  at  237  John  St,  Bridge¬ 
port,  Conn. 

Laboratory  for  Electronics,  Inc. 
is  moving  into  larger  quarters  at 
11  Leon  St.  in  Boston,  Mass. 

PERSONNEL 

E.  K.  Jett,  FCC  Commissioner,  will 
head  the  U.  S.  delegation  to  the  Pro¬ 
visional  Frequency  Board  sessions 
beginning  Jan.  15,  1947  in  Geneva, 
Switzerland,  and  lasting  for  about 
a  year  and  a  half.  This  board  will 
review  the  allocations  making  up 
the  new  international  frequency  as¬ 
signments,  in  compliance  with  the 
Atlantic  City  Telecommunications 
Conference. 

Joseph  P.  Maxfield,  recently  re¬ 
tired  from  Bell  Telephone  Labora¬ 
tories  after  pioneering  in  research 
and  practical  development  of  sound 
transmission,  recording,  and  repro¬ 
duction,  is  now  serving  as  consult¬ 
ing  engineer  to  Altec  Lansing  Cor¬ 
poration,  New  York  City. 


I.  P.  Maxfield  W.  C.  Johnion 


William  C.  Johnson,  executive 
vice-president  of  Allis-Chalmers 
Mfg.  Co.,  Milwaukee,  Wise.,  was 
elected  president  of  the  National 
Electric  Manufacturers  Associa¬ 
tion  at  the  annual  meeting  of  the 
association  in  Atlantic  City. 

Roger  B.  Colton,  who  retired  from 
active  service  with  the  Army  with 
the  rank  of  Major  General,  was 
elected  vice-president  of  Federal 
Telephone  and  Radio  Corp. 

Irving  Megeff  is  now  project  engi¬ 
neer  with  United  States  Television 


PRECISION  POTENTIOMETERS 

Toroidal  and  Sinusoidal 


For  use  in  computing  and  analyx* 
ing  devices;  generation  of  low  fre> 
quency  saw  tooth  and  sine  waves; 
controls  for  radio  and  radar  equip¬ 
ment;  position  indicators;  servo¬ 
mechanisms;  electro  medical  in¬ 
struments,  measuring  devices — tele¬ 
metering;  gun  fire  control  where 
360*  rotation,  high  precision  and 
low  noise  levels  are  essential. 

The  type  RL14MS  sinusoidal  po¬ 
tentiometer  is  illustrated.  It  is 
wound  to  a  total  resistance  of 
35,400  ohms  and  provides  two  volt¬ 
ages  proportional  to  the  sine  and 
cosine  of  the  shaft  angle.  It  will 
generate  a  sine  wave  true  within 
±.6%.  Overall  dimensions  are 
4%"  diameter  x  4  11/32  long  plus 
■shaft  extension  Vi"  diameter  x 
1*4"  long. 


ff'rite  for  Bulletin  F-ftlt 


THE  GAMEWELL  COMPANY 

Newton  Upper  Falls  64,  Massachusetts 


EVERY  Pickering  Cartridge  which  leaves  our  laboratory 
has  been  carefully  tested  for  the  following  characteristics, 
the  allowable  limits  for  which  are  shown: 

FREQUENCY  RESPONSE  •  ±3  db,  40-10,000  cpt 
WAVEFORM  DISTORTION  •  t  ptt  cant  maximum 
OUTPUT  LEVEL  •  70  milHvaht,  ±2«t 
TRACKING  PRESSURE  •  IS  gmaM  max.  al  40  and  10,000 

IN  ADDITION,  optka!  inspection  of  the  stylus  polish 
and  shape,  mechamcal  inspection  of  the  moving  parts,  and 
electrical  inspectioa  of  the  pickup  c(^  has  been  made  on 
each  unit. 

REGULAR  sampling  tests  reveal  absolute  stability, 
amazing  ruggedness,  ami  complete  insensitivity  to  the 
effects  of  temperature  and  humidity. 

NO  OTHER  PICKUP  CAN  QUITE  MATCH  THIS  PERFORMANCE 

Available  with  diamond  or  sapphire  styliu  from  all  principal  distributors 


PkUermg  %  Company,  Inc, 

29  West  57rh  Street  Nciu  York  19,  N.  Y. 
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PILOT  LICET 
ASSEMBLIES 


PL*  SERIES 


Designed  for 
NE-51  Neon  Lamp 

Features 

•  THE  MULTI-VUE  CAP 

•  BUILT-IN  RESISTOR 

•  110  or  220  VOLTS 

•  EXTREME  RUBGEONESS 

•  VERY  LOW  CURRENT 


Write  for  descriptive  booklet 


FOREMOST  MANUFACTURER  OF  PILOT  UGHTS 

BROADWAY,  NEW  YORK  3,  I 

Telephone — SPring  7-1300 


TO  PLOT  free-field  polar  characteristics  of  loud* 
speaker  output  or  microphone  sensitivity; 

TO  RECORD  directional  characteristics  of  lighting 
fixtures  or  lighting  systems; 

TO  DRAW  directional  patterns  of  antenna  sys¬ 
tem  gain; 

TO  MAKE  continuous  plots,  in  the  complex  plane, 
of  such  quantities  as  impedance  and  trans¬ 
fer  constants  when  a  parameter  such  as 
frequency  is  varied: 


Airborne  Instruments  Laboratory's 
Type  116 


POLAR 

RECORDER 

IT  PLOTS  voltage  as  a  radial 
distance  against  angular 
position. 

IT  IS  ADAPTABLE  to  any  task 
recordable  in  POLAR  CO¬ 
ORDINATES. 


for  Doseripthre  Material,  write! 


^Mtiumenk, 


160  OLD  COUNTRY  ROAD  •  MINEOLA.N.Y, 


NEWS  OF  THE  INDUSTRY  (cMHeesd) 

Mfg.  Corp.,  New  York,  N.  Y.  He 
was  at  one  time  engineer  in  charge 
of  mechanical  design  at  Philhar¬ 
monic  Radio  Corp. 

A.  L.  McIntosh  succeeds  Paul  D. 
Miles  as  chief  of  the  Engineering 
Department's  Frequency  Allocation 
and  Treaty  Division.  Mr.  Miles 
has  been  designated  as  the  U.  S. 
member  on  the  New  International 
Frequency  Registration  Board  in 
Geneva,  Switzerland  and  has  been 
elected  as  the  first  chairman  of  the 
board. 

Dudley  B.  Clark,  formerly  presi¬ 
dent  and  general  manager  of  Elec¬ 
tron  Equipment  Corp.  in  South  Pas¬ 
adena,  is  now  director  of  Clark 
Electronic  Laboratories,  Inc.,  Palm 
Springs,  California,  a  research  and 
development  organization  concerned 
with  design  of  power  tubes,  gas 
turbines,  and  large  industrial  tube 
controls. 

L.  G.  Burnell,  chief  engineer  of 
United  Transformer  Corp.  for  over 
a  decade,  has  joined  his  brother’s 
organization,  Burnell  &  Co.,  Yon¬ 
kers,  N.  Y.,  as  a  partner  and  chief 
engineer. 

Edward  E.  Lewis  has  been  elected 
president  of  Colonial  Radio  Corp., 
Buffalo,  N.  Y.,  wholly  owned  sub¬ 
sidiary  of  Sylvan  ia  Electric  Prod¬ 
ucts  Inc. 

C.  M.  Jansky,  Jr.,  of  the  engineer¬ 
ing  firm  of  Jansky  &  Bailey,  Wash¬ 
ington,  D.  C.,  has  been  appointed 
engineering  counsel  of  the  FM  As¬ 
sociation,  921  12th  St.  NW.,  Wash¬ 
ington,  D.  C. 

Jack  J.  Kahgan,  formerly  project 
engineer  at  Radio  Receptor  Co.,  Inc. 
and  chief  civilian  Signal  Corps  in¬ 
spector  for  the  upper  Manhattan 
area,  has  joined  Shaw  Associates, 
New  York,  N.  Y.  as  technical  ad¬ 
viser  and  writer  on  electrical  and 
electronic  advertising  accounts. 

Editor’s  Note:  Apologies  to  M.  W. 
Scheldorf  of  Andrew  Co.  and  W.  L. 
Barrow  of  Sperry  Gyroscope  Co.  for 
the  transposition  of  captions  un¬ 
der  their  pictures  on  page  264  of 
the  Nov.  1947  issue. 
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THE  BARRY  CORPORATION 

Parinwir  i-  H.  BARIT  CO..  INC. 

^  177  SIDNIY  STRIET 

CAMIIIDCI.  MASS. 


NEW  BOOKS 


Radar  Aids  to  Navigation 

Volume  2  of  the  MIT  Radiation  Lab¬ 
oratory  Series,  edited  by  John  S.  Hall 
and  written  by  33  authors.  McGraw- 
Hill  Book  Co.,  New  York,  1947,  389 
pages,  $5.00. 

This  volume  is  one  of  the  four 
“systems”  books  of  the  series  and 
for  that  reason  excludes  highly 
technical  details,  to  concentrate 
upon  uses  and  limitations  of  the 
radar  technique.  When  the  authors 
find  it  desirable  to  furnish  addi¬ 
tional  proof  of  their  statements, 
they  refer  to  the  appropriate  vol¬ 
ume  in  the  series  dealing  with  the 
subject.  This  treatment  makes  for 
smoother  reading  and  permits  in¬ 
clusion  of  all  navigational  systems 
in  use  or  those  projected  for  possi¬ 
ble  commercial  application.  The 
title  is  a  misnomer  only  in  that  the 
editor  has  wisely  seen  fit  to  include 
nonradar  navigational  aids  such  as 
radio  ranges,  direction  finders,  gee, 
the  various  loran  applications, 
Decca,  and  consol.  This  volume 
should  be  of  greatest  general  use¬ 
fulness  because  it  is  addressed  not 
only  to  the  electronic  engineer  but 
also  to  engineers  in  other  fields  in¬ 
terested  in  applying  the  radar  tech¬ 
nique  to  surveying,  aerial  mapping, 
or  height  finding.  Airline  and  ship¬ 
ping  executives,  along  with  commu¬ 
nications  experts,  will  be  more  eas¬ 
ily  able  to  evaluate  the  claims  of 
competing  air  and  sea  navigating 
and  piloting  systems  after  study¬ 
ing  the  book. 

Specifically,  the  volume  is  made 
up  of  four  parts :  introduction ;  air¬ 
borne  radar;  ground-based  radar; 
shipborne  radar.  The  82-page  intro¬ 
duction  briefly  reviews  what  radar 
is  and  gives  the  rudiments  of  its 
electronic  mechanism,  besides  cov¬ 
ering  the  nonradar  aids  noted 
above. 

The  airborne  radar  section  cov¬ 
ers  the  mapping  technique,  deter¬ 
mination  of  drift  and  ground  speed, 
and  beacon  navigation.  Anticol¬ 
lision  devices  and  pulsed  or  fre¬ 
quency-modulated  absolute  altime¬ 
ters  are  included  in  a  chapter  on 
special  aids.  The  special  design 
considerations  for  aircraft  installa¬ 
tions  are  summarized  along  with 
the  most  important  economic  as¬ 
pects. 

A  hundred  odd  pages  devoted  to 


Type  M-114 
Standard  Air¬ 
craft  Mounting 
Rack  for  Elee* 
Ironic  Equip¬ 
ment.  Per  apeci- 
fication  JAN-C- 
172 


Control  of 

VIBRATION  and  IMPACT 


.  .  .  with  specud  emphttsis 
on  the  field  of  electronics 


We  offer  a  complete  line  of  highly  engineered 
Vibration  and  Impact  isolators  for  commercial,  in¬ 
dustrial  and  military  applications . . .  also  an  Engi¬ 
neering  consulting  service  on  special  problems. 

A  letter  from  yon  will  give 

U9  the  opportunity  to  dem-  _ 

onstrate  how  we  ran  help 

Catalogue  on  Request 


Amperite  microphones 


The  ultimate  in  microphone 
quality,  the  new  Amperite  Ve¬ 
locity  has  proven  in  actual  prac-  . 
tice  to  give  the  highest  type  of 
reproduction  in  Broadc  isting. 
Recording,  and  Public  Address. 

The  major  disadvantogs  of  prs-wor 
velocities  has  been  eliminated— name¬ 
ly  "boominess"  on  close  talking. 

*  Shout  right  into  the  new  Amperite 
Velocity  —  or  stand  2  foot  away  —  the 
quality  of  reproduction  is  always  ex¬ 
cellent. 

•  Harmonic  distortion  is  lass  than  1  % 
(Note:  best  studio  diaphragm  mike  is 
500%  higher). 

•  Practically  no  angle  discrimination 
.  .  .  120°  front  and  back.  (Best  studio 
diaphragm  microphones  —  discrimina¬ 
tion  800%  higher.) 

*  One  Amperite  Velocity  Microphone 
will  pick  up  on  entire  symphony  or¬ 
chestra. 

There  is  an  Amperite  Microphone  for 
every  requirement. 

WRITI  rOR  lUUSTRATED  A-PAGE 
FOLDER  giving  full  information 
and  pricas. 


Studio  Volociti 

MMolt  ItSOHe  III 

Ust  $80.00 


Voloclty  MlcrophoDM 
for  Public  AddrosR 

modoU  RSMQ.  RRLO 

Ust  $42.00 


Addross  Inquiry 
sttsntlon  !>•$$.  I 


NEW  YORK 


S6I  BROADWAY 
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Sensitive  MULTIPLE  ARM  RELAYS 

A.C.  and  D.C. 

SIGNAL  ENGINEERING  offers  a  new  series  of  small,  rugg^, 
general  purpose  Multiple  Arm  Relays  adaptable  to  a  wide 
variety  of  circuit  arrangements. 

OUTSTANDING  FEATURES: 

Mounting  area  minimized.  Verti¬ 
cal,  balanced  armature.  Inter¬ 
changeable  unit  contact  pile-ups. 

Unusually  high  contact  pressures. 

Shock  and  vibration  resistant. 

Three  styles  of  assemblies: 

1.  Octal  socket  and  removable 
dust  cover. 

2.  Octal  socket  and  hermetically 
sealed  cover. 

3.  Header  type  container,  her¬ 
metically  sealed. 

S«rl*t  61  Octal  Base 
(removable  dust  cover). 

RELAYS  •  SIGNALS  •  CODE  CALL  •  (Interior)  FIRE  ALARM 
DEVICES  and  SYSTEMS  for  Controlling  Electrical  Equipment 


Write  for  Bulletin 
50  containing  com¬ 
plete  engineering 
data. 


Nii;\iL  i;\iihi;i;i!i\(i  iiii:.  ni 

l.)l  Wlvsr  Itili  S|..  M'w  YOKK  II.  'I 


Get  the  PMC  VERTICAL-LATERAL  COMBINATION 

INCLUDING  2  ARMS... 
VERTICAL  HEAD... 
LATERAL  HEAD... 

AND  EL-3  EQUALIZER 


Specially  Priced:  $174.00  net, 
F.O.B.  Port  Chester,  N.  Y 
A  new  low  price  mode  pos¬ 
sible  by  on  ever-increasing 
demand  with  resultant 
volume  productions 

Use  the  nevr  EL-3  EQUALIZER  with 
both  Vertical  and  Lateral  recordings. 
Use  one  arm  for  Vertical  only  and  one 
arm  for  Lateral  only  on  one  turntable 
or  separate  tables.  Connect  both  to 
the  new  EL-3  EQUALIZER  and  obtain 
the  acme  of  perfection  in  reproduction 
from  your  records  and  transcriptions. 
By  simply  switching  the  new  EL-3 
EQUALIZER  from  Vertical  equalization 
to  Lateral  changes  from  one  arm  to 
the  other,  at  the  same  time,  correct 
equalization  is  thrown  in. 

Sold  through  local  jobber.  Write  for  Speaker  Bulletin  EL3-6 

Export:  Rock*  Inlornalional  Corporation,  13  East  40th  Street,  New  York  16,  New  York 


EL-3  EQUALIZER 

(PATENTS  PENDING) 

for  simplified  operation 
plus  finest  reproduction 
. . .  tcithout  compromise. 
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NEW  BOOKS  (coetieeed) 

ground-based  systems  should  prove 
helpful  to  those  who  have  so  far 
been  unable  to  resolve  in  their  own 
minds  the  technical  differences 
among  proposed  beam  approach  and 
traffic  control  aids.  There  is  no  defi¬ 
nitive  answer,  but  the  basic  com¬ 
ponents  of  even  such  ambitious 
plans  as  Teleran  are  described, 
though  not  specifically  named. 

Navigation  and  pilotage  by  radar 
aids  is  undoubtedly  going  to  have 
importance  at  sea  or  along  the  coast 
long  before  planes  can  begin  to 
make  significant  use  of  the  techni¬ 
que.  Shore  lines  return  strong 
echoes  so  that  superposition  of  a 
radar  pattern  on  a  map  is  easy.  The 
last  chapter  devotes  more  than  half 
its  length  to  this  and  other  means 
of  pilotage,  finishing  with  a  discus¬ 
sion  of  physical  equipment. 

The  book  is  weH  illustrated,  al¬ 
though  the  halftones  suffer  because 
of  inferior  paper  stock  or  poor 
printing.  The  line  drawings  have 
been  handled  with  great  care,  all 
lettering  being  stamped  in  type. 

It  will  doubtless  be  some  time  be¬ 
fore  another  such  book,  composed 
by  authors  each  an  expert  in  his 
field,  can  be  compiled  by  any  editor. 
— A.A.MCK. 

F-M  Simplified 

By  Milton  S.  Kiver,  D.  Van  Nos¬ 
trand  Co.,  Inc.,  1947,  347  pages,  $6.00. 

This  book  is  the  third  of  the  au¬ 
thor’s  simplified  series  directed  to¬ 
ward  the  service  man  and  hobbyist. 
Five  sections  of  several  chapters 
each  cover  frequency  modulation 
from  fundamentals  to  receiver 
alignment.  Included  are  sections  on 
transmitter  and  receiver  principles. 
Recent  as  well  as  past  developments 
are  included,  such  as  the  Phasitron 
and  the  ratio  detector. 

However,  in  places  the  state¬ 
ments  are  somewhat  questionable. 
Near  the  bottom  of  page  150  is  the 
comment,  “As  is  well  known,  the 
total  value  of  capacitors  in  parallel 
is  less  than  either  one.”  (The  total 
capacitance  is  greater ;  the  total  ca¬ 
pacitive  reactance  is  less  than  for 
either  one.)  Again,  in  describing 
how  phase  modulation  also  produces 
frequency  modulation,  the  author 
writes,  “Finally,  at  the  zero  point 
(360  degrees),  the  modulation  dis¬ 
appears  and  the  frequency  of  the 
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carrier  is  once  more  at  its  central 
value.”  Actually  at  the  time  when 
phase-modulated  carriers  pass 
through  their  central  positions, 
their  frequencies  are  changing 
most  rapidly,  as  the  diagram  to 
which  the  author  refers  shows.  In¬ 
completeness  is  another  fault,  as 
illustrated  in  the  section  on  limiter 
alignment  where  the  author  states 
that  care  must  be  taken  not  to  satu-  | 
rate  either  limiter,  but  gives  no 
suggestion  as  to  how  one  can  know 
whea  saturation  sets  in. 

Because  of  the  type  of  shortcom¬ 
ings  illustrated  above,  one  cannot 
rely  on  this  book.  For  those  who 
want  merely  a  smattering  of  the 
subject,  shortcomings  of  the  types 
cited  may  be  no  objection,  but  cer¬ 
tainly  for  those  who  hope  to  pro¬ 
gress  to  a  practical  understanding 
of  frequency  modulation  this  book 
is  inadequate,  especially  because  it 
is  without  references  to  more  au-  j 
thoritative  literature. — P.  R.  i 


.1  Elementary  Nuclear  Theory 

I  By  H.  A.  Bethe.  John  Wiley  and 
I  Sons,  Inc.,  New  York,  N.  Y.,  1947,  147 
I  pages,  $2.60. 

A  STORY  is  told  of  an  eminent  math- 
H  ematician  who,  in  presenting  a 
H  paper  to  a  mathematical  society, 
H  had  to  interrupt  lecturing  for  ten 

■  minutes  in  order  to  check  his  as- 
H  sertion  that  a  certain  equation 
H  was  “obvious.”  Just  as  the  mathe- 

■  matician’s  equation  was  “obvious”, 
H  so  to  the  reader  who  is  not  well 
H  grounded  in  nuclear  physics  is  Dr. 

■  Bethe’s  book  “elementary.” 

R  A  compilation  of  notes  taken 
H  from  twenty  lectures  delivered  by 
H  Dr.  Bethe  at  G-E’s  Research  Labo- 
H  ratory,  the  book  treats  only  certain 
H  aspects  of  nuclear  theory.  This 

;  J  treatment,  rather  than  being  purely 
1  theoretical,  is  entirely  empirical,  as 
I  the  author  himself  points  out.  The 
I  work  begins  with  a  statement  of 
I  basic  facts  about  nuclei,  including 
§  definitions,  nuclear  notation,  and 

I  concepts  of  nuclear  reactions  and 

1  the  energy  equivalent  of  mass, 
I  Chapters  on  the  size  of  nuclei,  dis- 
i  integration,  spin  and  statistics,  and 
I  beta  disintegration  and  the  neu- 
J  trino  complete  the  first  section  cov- 

iering  descriptive  theory  of  nuclei. 
A  76-page  section  discusses  the 

quantitative  theory  of  nuclear 
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(continued) 

forces,  and  is  follov/ed  by  24  pages 
covering  topics  not  related  to  nu¬ 
clear  forces.  A  table  of  elements 
with  data  on  their  isotopes  com¬ 
pletes  the  book. 

Although  a  wealth  of  material  is 
surveyed,  unfortunately  terms  are 
not  always  defined,  nor  is  sufficient 
descriptive  material  included  to 
make  the  meaning  of  new  terms 
clear  to  the  uninitated.  For  ex¬ 
ample,  nuclear  spin  is  introduced 
on  page  11,  but  a  definition  and  dis¬ 
cussion  of  spin  is  not  included  until 
page  15.  If  the  concise  outline 
form  of  this  volume  were  expanded, 
if  introductory  material  were  in¬ 
cluded  to  orient  the  nonphysicist 
reader,  and  if  symbols  and  terms 
were  always  clearly  defined,  then 
this  work  would  be  meaningful  to 
the  average  engineer.  In  its  pres¬ 
ent  form,  howeyer,  it  is  of  value 
only  to  workers  in  nuclear  physics. 
— ^E.M.R. 


Books  Received  for  Review 


TELETVISION,  VOLUME  III  (1938-1941). 
Published  by  RCA  Review,  Radio  Cor¬ 
poration  of  America,  RCA  Laboratories 
Division,  Princeton,  N.  J.,  1947,  48« 

pages,  $1.50  paper-bound  and  $2.50  cloth- 
bound.  This  consolidated  record  of  past 
developments  by  RCA  engineers  In  the 
field  of  television  was  ready  to  go  to 
press  In  late  1941  but  was  not  published 
because  of  the  war.  The  papers,  some 
printed  here  without  prior  publication, 
are  divided  into  four  groups :  pickup ; 
transmission  ;  reception  ;  general.  In  ad¬ 
dition,  there  are  summaries  of  papers  pub¬ 
lished  elesewhere  during  the  specified 
period,  along  with  summaries  of  papers 
in  two  previous  voiumes  of  this  Tele¬ 
vision  series,  now  out  of  print 


TELEVISION,  VOLUME  IV  (1942-1946). 
Published  by  RCA  Review,  Princeton, 
N.  J.,  1947,  510  pages,  $1.50  paper-bound 
and  $2.50  cloth-bound.  Fourth  volume  on 
television  in  the  RCA  Review  Technical 
Book  Series,  presenting  papers  by  RCA 
engineers  dealing  with  pickup,  transmis¬ 
sion,  reception,  color  television,  military 
television,  and  general  topics,  plus  sum¬ 
maries  of  papers  published  el.sewhere  and 
a  bibliography  of  some  275  technical 
papers  by  RCA  authors  covering  television 
and  closely  related  subjects  and  published 
during  the  period  1929-1946.  Of  particular 
significance  are  papers  giving  technical 
details  of  the  Block,  Ring,  and  Mimo  air¬ 
borne  television  projects  evolved  for  se¬ 
cret  wartime  purposes. 


MAGNETIC  CX)NTROL  OF  INDUS¬ 
TRIAL  MOTORS.  By  G.  W.  Heumann. 
Control  Engineering  Division,  General 
Electric  Co.  John  Wiley  &  Sons,  Inc., 
New  York,  N.  Y.,  1947,  589  pages,  $7.50. 
An  application  book,  explaining  perform¬ 
ance  of  motors,  characteristics  of  control 
devices,  and  functions  of  commonly  used 
control  circuits  for  individual  motors  and 


for  whole  production  lines.  One  chapter 
deals  specifically  with  electronic  devices. 


and  the  entire  book  gives  essential  back¬ 
ground  data  for  electronic  motor  control 
applications. 


DIAL  CORD  STRINGING  GUIDE.  How¬ 
ard  W.  Sams  &  Co.,  Inc.,  Indianapolis, 
Indiana,  1947,  128  pages,  $.75.  Collection 
of  552  dial  cord  stringing  diagram  cov¬ 
ering  most  1938  to  1947  radio  receivers, 
indexed  by  manufacturer  and  model  num¬ 
ber  and  supplemented  by  a  chapter  of 
general  notes  on  replacement  of  dial  cords. 
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cxn  frequently  help  speed  up 
operation  and  maintenance 
or  production. 

One  product  advertised  in  the 
“Contacts”  Section  may  be 
the  answer  to  your  problem 
...  a  real  money-saver. 

To  be  informed — and  re¬ 
minded — on  modern  aids  to 
economical  operation,  main¬ 
tenance  and  production, 
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'^A  chip  oii  the  old  block!  The 
Greenohm  Jr.  is  a  handy,  inexpen¬ 
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Backtalk 

This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 

Citizens  Radio 

Dear  Sir: 

The  November  issue  of  Electronics 
has  really  shown  your  mettle.  The 
article  about  the  lack  of  progress  in 
the  field  of  “Citizens  Radio”  sums 
up  the  thing  that  has  been  my  pet 
personal  gripe  for  some  time.  It 
takes  someone  with  the  initiative 
you  fellows  have  shown  to  keep  the 
industry  alert. 

I  have  for  some  time  been  plot- 
I  ting  a  course  of  action  very  similar 
I  to  the  one  taken  by  Mr.  Hollis  and 
i  assistants.  The  approach  here  was 
j  almost  identical  except  for  a  very 
i  few  minor  technicalities  so  that  I 
i  am  going  to  switch  over  and  copy 
as  closely  as  possible  your  design, 
then,  when  the  system  is  in  opera¬ 
tion,  deviate  to  try  my  own  angles. 

I  One  problem  quite  apparent  from 
j  the  start  here  in  the  remote  West 
I  is  the  lack  of  the  latest  available 
j  components.  One  classic  example 
j  is  that  there  is  no  source  of  supply 
here  for  the  button  condensers  used 
in  your  design.  We  are  also  not 
familiar  with  the  Winchester  stand¬ 
off  insulators  and  the  solder  in  glass 
feed-thru  insulators.  The  small 
Johnson  trimmer  condensers  are  too 
new  to  be  on  the  local  jobbers’ 
j  shelves. 

I  The  lack  of  these  items  is  a  chal¬ 
lenge  to  us  local  fellows  to  show 
what  can  be  done. 

I  Again  let  me  commend  you  for 
I  your  progressive  publication  and 
my  personal  thanks  to  Mr.  Hollis  for 
!  his  share  in  this  venture. 

W.  A.  Maisel 

Portland  11,  Ore. 


Shielded  Room 

Dear  Sirs: 

The  method  of  locating  grounds  in 
shielded  rooms  by  means  of  an  os¬ 
cillograph,  mentioned  on  page  184 
of  Electronics  for  October,  1947, 
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ProMrtiM  and  Characteristics  of  Our 
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ComprwMiv*  Strength  . M.OOO  lbs.  per  oquAre  inch 

Tensilw  Strength.  . . 7.200  lbs.  per  square  inch 

Flexural  Strength  .•.•••«..  lO.SOO  lbs.  per  square  inch 

RRoctulus  of  Rupture . 20,000  lbs.  per  square  inch 

Dielectric  Strength  .  235  volts  per  mil 

Oioloctric  Constant . S.42  I  a# 

Rower  Factor  . 4.4S  l  *  megacycle 

Bulk  SpociSc  Gravity . 2.664«e 

Density  (from  above  gravity) ..  0. OSS  tbs.  per  cubic  inch 

Harilness  (Mohr  scale) . 7.0 

Softening  Temperature  . . 2.3SO  F. 

Linear  Coefficient  of  Expansion . 5.13x10-4 

Moisture  Absorption  (ASTM  D-li6-42*A) . O.OOfH 

Design  engineers  and  manufacturers  in  the  radio, 
electrical  and  electronics  fields  are  finding  in 
LAVITE  the  predse  qualities  called  for  in  their 
specifications  .  .  .  high  compressive  and  dielectric 
strength,  low  moisture  absorption  and  resistance 
to  rot,  ftimes,  adds,  and  biu  heat.  The  exceed¬ 
ingly  low  loss-faaor  of  LAVITE  plus  its  excel¬ 
lent  workability  makes  it  ideal  for  all  high  tte- 
^ency  applications. 

We  will  ^adly  supply  samples  for  testing. 
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Needham,  Moss.  •  Chicago  •  los  Angeles 
New  York  *  Philodelphia 
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•ACKTALK  (conHnutd) 

seems  quite  complicated.  A  method 
of  avoiding  such  grounds  dur¬ 
ing  construction  would  be  to 
connect  a  battery  and  bell  in  series 
to  the  two  shields.  A  nail  driven 
through  both  shields  would  provide 
immediate  indication  of  the  short. 

L.  M.  Leeds 
General  Electric  Company 
Syracuai,  New  York 


Electronism 

Dear  Sirs: 

Mr.  James  N.  Smith  has  made  an 
excellent  suggestion  in  proposing 
the  use  of  the  word  “Electronism” 
to  denote  an  electronic  device  or  an 
electronic  “gadget.” 

As  a  patent  lawyer  who  is  consid¬ 
erably  in  contact  with  electronic 
patents,  I  have  struggled  desper¬ 
ately  to  find  a  simple  word  such  as 
the  one  suggested.  In  drafting  a 
patent  application  I  have  had  to  be 
enormously  repetitive  in  using  the 
expression  “electronic  device.” 

No  longer  will  my  claims  read 
“An  electronic  device  comprising 
an  electronic  tube,  input  circuit 
means,  output  circuit  means.  ...” 
Mr.  Smith’s  “Electronism”  makes 
the  future  look  markedly  brighter. 

William  R.  Meredith 

Barri»ter-a  t-Law 
Ottawa,  Canada 


RADAR  AND  ELECTRONIC  ENGINEERS 
MISSILE  GUIDANCE  PROJECT 


troaie  timiiw  aad  control  drcnlto.  ond  othor  quidod  miasUo  oqnipmoat.  Boeholor'a 
doqroo  la  Doctriccd  Eagiaooriaq  or  PhTsica  roqiilrod;  Moator'a  daqraa  or  oquivedoat 
atndT  oi  Mcrthomatiea,  oloetroaiea  cmd  oppUod  phyaica  Tory  doairoblo  for  rovoaoiblo 
pooidoaa.  Salary  to  17500  dopoadiaq  upon  qnallflcotiona. 

Write  or  phone  Mr.  C.  D.  Perrine,  Jr.,  Chief  Electronics  Engineer 

PILOTLESS  PLANE  DIVISION 

Fairchild  EnqiM  oad  AlrplaM  Corporatioa 
FARMINGDALE  FarmlugdaU  1410  LONG  ISLAND 


REPLIES  (Bom  So.):  Address  to  ogles  nearest  yoe 
SEW  YORK:  SSO  W.  hind  St.  (It) 
CHICAGO:  St«  S.  Michigan  Aoe.  (tt) 

BAS  FRASCiaCO:  58  Post  St.  (k) 


Men  with  Moator'a  or  Doctor'a  Doqrooo  ia 
Eloctrieal  Eaqlnooriag  or  Phyaiea.  or  oagi- 
noora  or  phyaieiata  wifli  a  Bacholor'a  Do- 
groo  plna  oxporloneo  ia  tho  doaiga  or 
doTolopmoat  of  oloctrieed  and /or  mo^oni- 
eal  computora.  iatogratora,  comporatora, 
gyromochaaiaina  or  aorromochanUina. 
ExcoUoat  working  condltiona. 

Salory  conunonaurato  with  abUity. 

Call  ia  poraoa  or  write: 

Employmoat  Doportmont 

Curfiss-Wright  Corporation 
4300  East  Fifth  Avenue 
Columbus  16,  Ohio 


POSITIONS  VACANT 


ELECTRICAL  ENGINEERS  and  Phyaieiata: 

An  expanding  program  of  teaching  and  re¬ 
search  haa  created  opportunities  at  Instructor, 
assistant  professor,  and  associate  professor 
level  in  this  large  mid-eastern  college.  Tour 
inquiries  are  invited.  P-3027,  Electronlea 


ELECTRONIC  ENGINEER:  Opportunity  for 
experienced  electronic  engineers  tat  estab¬ 
lished  and  expanding  development  company. 
We  design  and  produce  electronic  controls  and 
computor  equipment.  Contact  Electronic  Asso¬ 
ciates,  Inc.,  Long  Branch,  N.  J.,  Telephone 
LB.  6-1100,  Attention:  Mr,  Arthur  L  Adam¬ 
son,  Personnel  Manager. 


Beta-Ray  Gage 

Dear  Sirs: 

I  SHOULD  like  to  make  an  addition 
to  my  article,  Beta-Ray  Thickness 
Gage,  which  appeared  in  the  Octo¬ 
ber  1947  issue  of  ELECTRONICS. 

Acknowledgment  is  due  to  West- 
inghouse  Electric  Corporation,  in 
whose  research  laboratories  the 
equipment  described  was  built,  and 
to  W.  E.  Shoupp,  head  of  the  Elec¬ 
tronics  Department  of  the  Westing- 
house  Research  Laboratories,  who 
holds  the  basic  patent  on  beta-ray 
thickness  gages,  and  under  whose 
competent  direction  the  work  prog¬ 
ressed. 

Otto  J.  M.  Smith 

University  of  California 
Berkeley,  California 


WANTED 

ENGINEER 

E.E.  or  M.E.  de«r««.  Capable  of  taking  charge  of 
development  project.  Minimum  3  mre  transmitting 
tuba  experience.  Mechanical  ability  and  some  cir¬ 
cuit  knowledge  preferred. 

UNITED  ELECTRONICS  COMPANY 

42  Spring  Struct,  Newark  2,  New  Jersey 


MID-WESTERN  MANUFACTURER  haa  open¬ 
ing  for  electronic  engineer  with  background 
in  electronic  circuit  design  and  instrumenta¬ 
tion.  Experience  with  pulse  technique,  servo- 
systems  or  telemetering  procedures  Is  desir¬ 
able.  Unlimited  opportunity  in  a  specialised 
field.  Submit  complete  resume  and  state  salary 
desired.  P-3106,  Electronics. 


ELECTRICAL  DESIGNER  with  drafting  ex¬ 
perience  and  knowledge  of  mechanical  lay¬ 
out.  Experience  in  design  of  automatic  test 
equipment  desirable.  State  salary  ext>ected. 
P-3107,  Electronics. 


DESIGN  ENGINEER 


Acquainted  with  mechanical  layouts,  to 
set  up  work  for  micro-wave  components 
used  in  television  and  radar  .  .  salary  com¬ 
mensurate  with  ability;  grow  with  young, 
coming  mfr.  N.  Y.  Metr.  area. 

P-S301.  Electronics 

330  West  42nd  Street,  New  York  18,  N.  Y. 


ELECTRO-MECHANICAL  draftsman.  Must 
know  symbols  and  be  able  to  make  com¬ 
posite  layouts  of  electrical  sub-assemblies. 
State  salary  desired.  P-S108,  Electronics. 


(Continued  on  page  856) 


ELECTRONIC  DESIGN 
ENGINEERS 


Must  be  graduate  E.  E.  Must  hove  heavy 
experience  in  audio  work,  porticularlr 
with  sub-miniature  parts.  Some  mechanical 
knowledge  ond  production  experience.  Will 
be  completely  responsible  for  research,  de¬ 
sign  and  assembly  smoll  electronic  device. 
Give  complete  educotion,  experience — par¬ 
ticularly  as  applied  to  above,  age  and 
salary  required.  Unusual  opportunity  ond 
permanent  security  tor  right  person.  Box 

P-207 1,  Electronics 

330  West  42nd  Street,  New  York  18,  N.  Y. 


Openings  exist  tor  engineers  and  physi¬ 
cists  with  college  degrees  or  equivalent  to 
work  on  electronic  apparatus  of  various 
types,  including  microwave  communica¬ 
tions,  radar,  and  electronic  control  equip¬ 
ment.  Experience  desirable. 

Salaries  commensurate  with  education 
and  experience. 

Communicate  wMi: 

Westinghouse  Electric  Corporation 
Industrial  Relations  Department 
2519  Wilkens  Avenue 
Baltimore  3,  Maryland 


“Few  new  inventions  can  be  ex¬ 
pected  in  the  future,  as  practically 
everything  has  been  invented.” 
Said  in  1886,  by  the  U.  S.  Commis¬ 
sioner  of  Patents. 
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MACHINE-MADE  RADIO 


ine  Model  43  Tbvr-Mow 
Q  Induction  Heate: 
manufactured  bf  /nductioc 
Heating  Cotpoiatior.  is 
factory  equipped  witi 
Amperex  833-A  power  tubes 
and  Amperex  872-h 
rectifier  tubes 


'  tiibes  have  longer  me,  give  a 
minimum  of  trouble  and  help 
produce  satisfied  ^stomers.  Too, 
they  like  that  extra  engineering  that 
-  goes  with  the  Amperex  name; 
those  little  differences  that  make  a 
big  difference  .  .  .  and  they  also 
like  the  application  engineering  of 
the  Amperex  staff  which  is  theirs, 
and  yours,  to  command. 


AMPEREX 

ELECTRONIC 

CORPORATION 


with  Amperex 


re^tube 


25  WASHINGTON  STREET,  IROORLYN  1,  N.T. 

In  ConoRa  ond  Nnrfoundlond:  Rogtrs  Mnjtflif 
11*19  Irtniclifft  Rood,  Ltasid*,  Tornirtn,  Ontoi «,  Csr~ 


"J  like 

y\- 

Amperex  tubes 
because". . . 


It  takes  a  lot  more  ihdn  25  words  to  >  . 
sum  up  all  the^re^ons  engineors 
prefer  and  ^ecify  Amperex  tubes. 
For  example:  the  engineers  of 
Induction  Heating  Corporation 
spec^  Amperex  833>A  power  tubes 
and  Amperex  872-A  recttfters  for 
iheir  Modtl  43  induction  heater 
beocnase  daiey  i  d  that  Amperex 


AMcGj 

puru 


•  HILL 
TION 


m 


electronics 


FEBRUARY  •  1948 


MACHINE-MADE  RADIO . Cover 

Two-tube  broodcost  receiver  produced  in  England  by  John  Sorgrove,  Ltd.,  with  minimum  of  hand  labor.  Metallized- 
plastic  panel  technique  is  used  to  form  wiring,  inductances,  capacitors,  and  resistors  (see  page  136) 

PRECISE  MEASUREMENT  OF  AIRCRAFT  SPEED,  by  C.  S.  Franklin .  72 

New  AAF  all-altitude  system  measures  elapsed  time  for  flight  between  two  equisignol  beams  ten  miles  aport 

UNDERWATER  TELEVISION,  by  C.  L.  Engleman . .  78 

A  camera,  inclosed  in  a  watertight  cylinder  and  remotely  controlled,  operated  180  feet  deep 

SUPERREGENERATIVE  CIRCUIT  APPLICATIONS,  by  Harry  Stockman  .  81 

Widely  used  in  military  equipment,  superregenerative  circuits  have  many  peacetime  possibilities 

F-M  TRANSMITTER  PERFORMANCE  MEASUREMENTS,  by  H.  P.  Thomas  and  L.  M.  •Leeds .  84 

Simple  techniques  employing  standard  test  equipment  are  used  in  meeting  FCC  requirements 

—  PREDETERMINED  COUNTER  FOR  PROCESS  CONTROL,  by  Richard  J.  Blume .  88 

Advanced  binary-type  counter  techniques  are  applied  to  high-speed  zipper-making  machinery 

2,000-MC  TELEVISION  PROGRAM  CHAIN,  by  F.  M.  Deerhake .  94 

Details  of  equipment  used  in  the  143-mile  New  York-Schenectady  microwave  relay 

NUMEROSCOPE  FOR  CATHODE-RAY  PRINTING,  by  Harrison  W.  Fuller .  98 

Arabic  numerals  displayed  on  an  oscilloscope  screen  allow  automatic  display  of  calculating  machine  results 

LOW-FREQUENCY  COMPENSATION  FOR  AMPLIFIERS,  by  Kurt  Schlesinger  . 103- 

Two  novel  circuits  are  described,  one  of  which  requires  very  little  compensating  capacitance 

SPEED  CONTROL  FOR  SMALL  A-C  MOTORS,  by  W.  N.  Tuttle . 106 

Economical  thyratron  circuit  produces  nearly  flat  speed-torque  curves 

HIGH-SPEED  RESISTOR  TESTER,  by  A.  W.  Daubendick . 110 

Percentage  limit  bridge  checks  1,800  pigtail  resistors  per  hour 

i  HIGH-FREQUENCY  CABLE  DESIGN,  by  K.  H.  Zimmermonn . . 112 

Equations  and  two  nomographs  facilitate  performance  calculations  for  solid-dielectric  cables 

j  BOLOMETER  AMPLIFIER,  by  D.  D.  King,  John  Taylor  and  W.  H.  Foulkner,  Jr . 116 

Tuned  amplifier  for  microwave  measurements  has  high  gain  and  minimum  noise  level 


PROPAGATION  OF  VERY  SHORT  WAVES — PART  II,  by  Donald  E.  Kerr .  . 118 

Surface  reflection  effects,  radar-type  propagotion,  and  variations  in  propogation  caused  by  atmospheric  refraction 

DESIGN  OF  LOUDSPEAKER  DIVIDING  NETWORKS,  by  Earl  R.  Schuler  .  124 

Gives  L  and  C  at  any  crossover  frequency  and  line  impedance  for  parallel-type  constant-resistance  dividing  network 

TESTING  LONG-PERSISTENCE  SCREENS,  by  Joseph  C.  Tellier  and  Joseph  F.  Fisher . 126 

Special  circuit  features  of  equipment  for  measuring  light  output  of  cathode-ray  tube  screens 

PISTON  ATTENUATOR  CHART,  by  R.  E.  Lafferty . 132 

1  Deviation  from  ideal  attenuation  at  any  frequency  from  15  to  30,000  me  is  given  directly  for  various  diameters 
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...get  out  the  distortion  and 
variations  in  your  incoming  iine  voltages 

with  (f^SOREHSiH 


#  This  Nobatron  is  being  used  to  lest 
battery  operated  Movietone  News 
cameras.  Nobatrons  provide  a  source  of 
DC  voltages  at  high  currents  previ¬ 
ously  available  only  with  batteries. 
The  Nobatron  maintains  a  regulation 
accurocy  oi  0.25%,  rjpple  voltage 
(RMS  max)  of  1  °o  and  has  a  recovery 
time  of  1  5  of  a  second. 


ELECTRONIC  REGULATORS 

•  Wherever  you  use  line  voltage  for 
precision  operations,  whether  it  be  in  the  test 
laboratory  or  on  the  assembly  line,  a  Sorensen 
unit  can  provide  regulation  accuracies  to  2/10 
of  1  Vo  ^ith  quick  recovery  time. 

Arrange  to  have  a  Sorensen  engineer  analyze  vo/* 
tage  regulation  requirements  in  your  plant.  He  can 
select  one  of  the  standard  units  or  suggest  a  special 
design  to  handle  your  unusual  applications. 


write  today  for  your  copy  of  tho 

now  Soronton  catalog.  It  contains 
schomatics,  curvos,  application  data 
and  a  spocial  soction  on  “Principles 
of  Operation." 

•  Represented  in  all  domestic  and 
foreign  principol  cities. 

Address  of  Sorensen  office  in  your 
area  furnished  on  request. 


'^/(:ea/ook  at  th/s  7^/^orma/jce  i 

/  Wide  input  voltage  range:  95  to  125  volts  or  190  to  250 
^  volts. 

9  Low  h'ormonic  distortion:  less  than  5%  in  basic  models,  and 
2%  in  "S”  models. 

^  Insensitive  to  input  line  frequencies  between  50  and  60 
^  cycles. 

^  Power  factor  variations  from  70%  lagging  to  90%  leading 
’  have  little  effect  on  regulation  accuracy. 

2r  Recovery  time  of  0.1  seconds  under  the  most  adverse  input 
^  and  load  conditions. 

X  Regulation  accuracies  from  0.1  %  to  0.5%  depending  upon 
^  model  chosen. 


The  FIRST  line  of  staodani  ELECTRONIC  AC  Volti^e  Replators  and  Nobatnins 

k#  0  R  E  n  s  E  n 

COMPANY,  INC.  •  STAMFORD,  CONNECTICUT 
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